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ADVERTISEMENT. 



At the close of his former publication, the 
Author intimated his intention of prosecuting 
his inquiries, if the public approbation of his 
labours should be such as to encourage their 
continuance, and future experience should ap«^ 
pear to confirm his views. An interval of four 
years has now elapsed since the date of his former 
Work, during which period many important addi- 
tions have been made to the liarious branches 
of research connected with the subjects discuss- 
ed in this volume; and the new views, which 
the late discoveries of Mr Davy have introduced 
iqto Chemical Science, may also be expected to 
extend their influence to all its Physiological ap- 
plications. From these causes, joined to the 
Author's endeavours to correct some of his for- 
mer opinions, and to illustrate and improve 
others, the additions which he now brings forward, 
liave insensibly acquired a size greater tjian that 
()f his original Work. 



VI ADVERTISEMENT. 

In these additional Inquiries, the Author has 
greatly extended his researches into the " Chan- 
ges induced on th^ Air by the Vegetation of 
Plantfi^. BsA-jf-iis €»eeess bear any propcHftkHi to 
the pains which he has taken, he hopes that he may 
be found to have disentangled some of the perplexi- 
ties, and recopci]^ some of the difierences which 
have hitherto prevailed on this important subject. 
The views which he has suggested respecting the 
** Colours of PlantaJi --iftrose naturally in the order 
in which |hey are presented ; and the attempt to 
connect them with otlier curious operations in the 
viegetable economy, will, he trusts, add consider- 
ably to their interest and value. If an apology be 
deemed necessary for the length to which he has 
extended the section on th6 '^ Agency of Light,'* 
he would beg to state, that some parts of that 
section were composed with reference to ulterior 
views, which, for the present, he has been induced 

te postpone. 

I' • ■ 

On the second branch of his Inquiries, namely, 
that which relates to " Animal Respiration,** the 
Author has diligently sought information from all 
1^ sources which lay open to him ; and the im- 
pefftant additions, which the labours of his Con- 
f emplanes have enabled him to make to this part 
of his Work, will, he trusts, be considered not only 
as valuable in themselves, but as tending to aug- 
ment the confidence of his readers in the conclu- 
siokis to which he had before endeavoured to con- 
duct them. To the chapter on the ^* Source 



ADVERTISEMENT. vii 

of Carbon^** he has also been enabled to add 
many new facts ; and the illustrations which he 
has now subjoined will, he hopes, remove some 
objections to his doctrine, and more completely 
develope and recommend his views. 

In contending with so many opposing facts, and 
such variety of conflicting opinions, the Author 
can scarcely presume tb hope that he has al- 
ways escape4 error ; but, he trusts, he may claim 
the praise of having diligently sought the truth. 
While too, on all occasions, he has exercised the 
most perfect freedom of discussion, he hopes that 
he has uniformly expressed himself in the language 
of one who would wish always to combine a just 
respect for the opinions of others, with the attach- 
ment he may feel to his own. ^Throughout his 
Work, it has been his anxious wish " to render unto 
Caesar the things that are Caesar &;*' and if, through 
ignorance or inadvertence, any feet or opinion 
should not be assigned to its rightful owner, he 
entreats the reader to correct his mistake, but not 
hastily to pronounce it wilful ; for he can truly 
declare, that, though not insensible to the desire 
of an honest reputation, he would not knowingly 
iiivade the mental rights and property of another 
for all the feme which all the discoveries in all 
the sciences could ever give. 



Edinburgh, *> 
March 20. 181 L 3 
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Primo enim paranda est Historia NaturaUsj et Expert' 
tnentalis, suf&ciens ct bona ; quod fundamentum rei est : 
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ADDITIONS TO CHAP. I. 

OF THE CHANGES INDUCED ON THE AIR BV 
THE GERMINATION OF SEEDS. 



* 200. -I N our former publication, we distinctly 
considered the operation of water, heat, and air, in 
promoting the germination of seeds ; and the con- 
clusions to which we then came are, for the most 
part, acquiesced in by chemists. The facts, indeed, 
on which they rest, are so numerous and precise, as 
scarcely to leave room for any difference of opinion 
respecting them. Such additional evidence, however, 
as we have since been able to collect in their support, 
we shall now briefly notice, preserving, as nearly as 
we are able, the arrangement observed in our for- 
mer treatise. 

201. The presence of water has been stated (1.) 
as one of the first agents required for the commence- 
ment of the germiijating process ; and the force 
which seeds, by imbibing it, are capable of exerting, 
is well illustrated in some experiments made by Mr 



* This and the following numbers are continuations of thos« 
which mark the paragraphs in the former pubWcatvoxi, 



Boyle. He filled several strong phials with horse 
beans, and then pouring water upon them, he corked 
the phials, and tied them down. As the seeds im- 
bibed the water and increased in bulk, many of the 
phials were burst asunder. To make a nearer esti- 
mate of the expansive force of the swelling beans^ 
he procured hollow cylinders of brass, of different 
lengths and diameters, to which wooden plugs were 
fitted, in such a manner as to move freely up and 
down in the cylinders as the seeds should swell. A 
cylinder of this kind, six inches in length and two in 
diameter, was filled with beans, which were then 
covered over with water ; and as the seeds imbibed 
the water, they raised the plug, although a common 
half-hundred weight was laid upon it. When the 
cylinder was less than six inches deep, and was four 
inches broad, the beans, in swelling, would raise the 
plug, although loaded with a weight of above one 
hundred pounds *• 

202. We before remarked, that this swelling of 
seeds took plaice equally in water that contained air, 
and in that which had been previously depHved of 
its air by long boiling. Our observations on this 
point are confirmed by the experiments of M. T. de 
Saussure. He found that seeds of coffee, which had 
even lost the faculty of germinating, exhibited^ ne- 
vertheless, a partial development of their radicle, not 
only in common, but in boiled water, and even in 
vinegar and valine sohitions. This enlargement, 
however, is not to be considered as a true germina- 



* Boyle's Works, by Shaw, vol. ii. p. 285. 2d edit. 
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tion ; for it neither changes the taste^ the odour, nor 
any other properties of the seed *. 

203. To that swelling of the seed which consti- 
tutes germination, M. Scheele considered the presence 
of oxygen gas in the water to be necessary, and as- 
serted that this gas was converted into carbonic acidf* 
According, also, to M. de Saussure, peas and other 
seeds germinate in water that contains oxygen, but 
do not properly unfold their radicles in boiled water, 
when the water does not exceed more than seven or 
eight times the weight of the seed ; but when it iB 
one or 200 times as great, the radicles have then beien 
prolonged; This happens, says he, because ebulli- 
tion does not entirely deprive water of its air, and 
when, therefore, the quantity of this fluid is suffi- 
ciently large, enough of air is present to excite a fee- 
ble development of the seed | . 

204. Water enters into the seed, partly through 
the pores of its external coat, and partly through the 
small opening placed in the hiium or scar. M. Se- 
nebier asserts, that if the opening in this scar be clo- 
8^, the? swelling or germination of the seed is pre- 
vented § ; but in some experiments made by Dr Jonetf, 
this was not found to happen. He placed some large 
beans in a saucer of mould with the opening in the 
scar uppermost, and watered them in such a manner 
that the fluid could not etiter it, and yet they seemed 
to germinate m the ordinary time. 



* Recherches Chim. sur la ^''egetation, p. 2. 

f On Air and Fire, p. 167. t Recherches, p. 3. 

§ Mem. Pbysico-Chimiques, torn, iiu p. 333. 
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205. The entrance of water, in the first Instance^ 
seems to be the effect of simple imbibition ; but after 
penetrating the external coat, the fluid appears to be 
conveyed by a vascular structure. M^ Senebier founds 
that if seeds, after being immersed in coloured li- 
quors, were cut into thin slices^ they exhibited co^ 
loured points through the substance of the cotyle- 
dons, which indicated a vascular structure. The co«> 
lour bec^e less and less as it approached the germ; 
and from the plume of a bean, when cut through, a 
transparent fluid escaped from five vessels, arranged 
in a circular order. The two vessels which united 
the cotyledons to the plantule Were full of juice, 
which, on being held up^ to the light, exhibited a 
slight tinge of colour *« 

206. The agency of heat in promoting the deve- 
lopment of the seed is universally admitted ; but the 
operation of Light has been much disputed. From a re- 
view of the facts, we were before led to conclude (3.) 
that light, simply, possessed little power either in 
promoting or Retarding germination. M. Michelotti^ 
however, supports the opinion of M. Senebier, that 
Kght is injurious to this process t * but the experi- 
ments of De Saussure seem tb prove that this arises 
only from the operation of the heat that exists in the 
6olar beam, when seeds are confined in close vessels; 
for when the same temperature was preserved, they 
germinated equally well in transparent and opaque 
vessels |. 



* Physiol. Vcg. V. iii. pi 362. et seq. 
f Phi!osop(hital Magazine, v* ix. p. 2 16. 
i fiecherchcs, p. 23. 



207. The first correct experiments, made to as- 
certain the specific changes induced on atmospheric 
air by the gro\(^th of seeds, were published by the 
celebrated Scheele, in his treatise on Air and Fire, 
about the year 177?. He found that the air, in 
which moistened peas were made to grow, under- 
went no change of volume ; but that its oxygen gas 
disappeared, and a quantity of carbonic acid was pro- 
duced. As the quatitity of acid formed equalled in 
bulk that of the oxygen gas which the air naturally 
contained, he proceeded to ascertain whether this gas 
had not been converted into the acid in question. 
With this view, he mixed together^ in a bottle, one 
part of oxj^gen .with three parts of nitrogen gas, and 
piit some peas into it, with water sufficient to carry 
on their germination. The peas sooft began to grow, 
and when they grew no more, he observed no varia- 
tion in the bulk of air, but one-fourth of this air was 
attracted by milk of lime. It is therefore, says he, 
the oxygeii gas of the air which, by germination, is 
changed into carbonic acid. This conclusion he far- 
ther established by confining peas in pure oxygen 
gas, where, though they did not grow so well, yet 
they chaiiged it into carbonic acid ; and had he con- 
tinued th^ experiment a sufficient time, he had no 
doubt but that the whole of this gas would have ex- 
perienced a similar change *. 

208. Dr Ingenhousz confirmed and extended these 
facts, by proving that every kind of air, which was 
fatal to animal life, was incapable of supporting ger- 



♦ On Mr and Fire, p. 15U 156. 



minatiotty either ia t^e sunshine or in the shade; but 
that seeds grew both in common air and in oxygen 
gaSy and formed carbonic acid in each *• The sub- 
3equent; experiments of Gough, Cruickshank, and De 
Sauasure; and those which haye been already related 
(9. et seqO) confirm, in all relspects, the conclusions 
of Scheele. In his late Researches, also, De Saus- 
sure extended his experiments to a great variety of 
aeeds, and, in all that he tried, he found the bulk of 
carbonic acid produced to be exactly equal to thsft of 
the oxygen gas which had disappeared f. These va* 
rious experiments seem to establish, beyond the 
reach of doubt, the facts, that oxygen gas is essential 
to germination; that it is converted into carbonic 
add in that process ; and that the bulk of acid gas 
produced is exactly equal to that of the oxygen gas 
which disappears. 

209. In the former part of our inquiry (12,) we 
stated the bulk of carbonic acid, formed in germina- 
tion, to be somewhat less than that of the oxygen 
consumed, which we ascribed to the condemation, 
supposed, at that time, to attend the conversion of 
oxygen gas into carbonic acid. We then, however, 
mentioned many difficulties which opposed the accu- 
rate determination of this point ; and our opinion at 
the time, was at variance with the observations of 
Scheele, of Cruickshank, and of De Saussure. We 
have since found, in many trials, that no apparent 
diminution of the volume of air occurs in germina- 



♦ Experiences sur led Vcgftawx, torn. ii. \\ 2. 10. 
t ReeLcrches Chim. p. p. 10. 



tion ^ but in other instances, this has, in a small de« 
gree, appeared to happen. Aware, however, of the 
various causes by which the volume of air may, to a 
small extent, be affected, and calling to mind the late 
accur^e experiments of Messrs Allen and Pepys*, in 
iB^ch no diminution of volume was found to attend 
the conversion of oxygen gas into carbonic acid by 
combustion, as Crawford and others had previously 
supposed, we do not hesitate to express our convic* 
tion, that the bulk of carbonic acid produced in ger« 
mination is, like that in combustion, exactly equal to 
that of the oxygen gas which has disappeared. 

21(X }n thus stating the volume of carbonic acid, 
produced* by seeds, to be equal to that of oxygen 
consumed, it is neicessary to bear in mind that we 
speak of its formation in the process of germination 
alone. We have before shewn, that moistened seeds 
equally produce carbonic acid when confined in ni- 
trogen (5.), or in tubes filled with mercury (19.) J 
but no sign of development is then observed, and 
the volume of gas, instead of continuing the same, is 
greatly augmented. These experiments have been 
repeated by Mr Acton, who found the formation of 
carbonic acid by seeds, introduced into a tube of 
mercury, to commence in a few minutes; abd in 
twenty-four hours the air, on analysis, afforded ^ 
of carbonic acid, although no evident sign of putre- 
faction appeared. Hence he contends, that, since 
seeds thus form carbonic acid when no oxygen gas is 
present, it must be difficult, if not impossible, to fix 



* Vhil Transacts 1 807. 
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the precise period at which germination ceases in 
oxygen gas ; or to determine what part of the acid 
is really formed by the process of germination, and 
what by the spontaneous decomposition of the seed. 
Consequently, the attempts to establish an identity o€ 
quantity, between the oxygen lost and the add pro- 
duced, must be fallacious, and the conclusion thence 
derived unworthy of credit *. 

211. We readily admit this difficulty in estimating 
the quantity of carbonic acid ; but a due attentioa 
to circumstances will, we think, enable us entirely to 
remove it. To this end, it is important to observe^ 
that, where this acid is formed without the presence 
of oxygen gas, no apparent change is effected in the 
seed, but the bulk of air is increased ; where, on tha 
contrary, it is produced in that gas, the oxygen dis* 
appears, and the evolution of the seed goes on, but 
the volume of air suffiers little or no variation. Whe-. 
ther, therefore, we attend to the sensible effects pro^ 
duced in the air, or to those which occur in the seed, 
the difference is most striking ; and so likewise must 
be the causes from which such difference proceeds. 
These causes, we have argued (19.), arise from the 
seed, in one case, affording only carbon, which unites 
with the oxygen gas of the air, and converts it into 
carbonic acid ; while, in the other case, this acid gas 
is at once furnished by the seed alone. The one re* 
suit, therefore, accompanies the evolution of the seed, 
the other attends its spontaneous decomposition ; but 
it is only vidth the former process that we are at pre- 
sent concerned. 



* NickolsotiB Journal, vol. xxVu, p. "Ill ^V sec^. 
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212« Now, in the experiments on germination al- 
ready related (8. 9.), the gradual disappearance of 
oxygen and production of carbonic acid seem suffi- 
dently to establish their conversion into each other j 
and the stationary bulk which the residual air main- 
tained, after all the oxygen was consumed, together 
with the equality of volume betwera the above-named 
gases, appear, likewise, to prove that none of this add 
gas was furnished by the seed alone. If the seed, in its 
germination, had furnished both the elements of car- 
bonic acid, then, as in its decomposition, the whole 
bulk of air employed ought to have been increased, 
which was not the case ; neither, on such a supposi- 
tion, are we able to assign any probable reason why 
the production of add should, for a time, have cea- 
sed at the precise period.when all the oacygen was con- 
sumed. We are, therefore, (inclined to suppose a 
period, more or less long, to intervene between the 
formation of carbonic acid, during the growth of the 
seed, when oxygen gas is present, and its production 
by the $ame body, when the whole of that gas is con- 
sumed ; between that process which announces the 
evolution, and that which indicates the decompoa- 
tion of the seed. 

213. Should it, however, be objected to our eisr 
periments, that the process of decomposition may in* 
stantly follow the termination of living action, and 
thus confound the results, this (Ejection will not ap- 
ply to the experiments of M. de Saussure, who ana- 
lyzed the residual air at intermediate periods of the 
process, and always found the quantity of carbonic 
acid formed, and of oxygen gas remainii^g, lo tcvikft 
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t<^ether ^ of the whole air employed. Thus, says 
he, if seeds be made to ]germinate in 100 cubic inches 
of air, which contain 21 parts of oxygen and 79 of 
nitrogen gas, it will be found, that, if the germination 
has produced 14 cubic inches of carbonic acid, there 
remain but seren cubic inches of oxygen in the resi- 
dual air » or, if only seven cubic inches of acid are 
formed, there will then remain 14 of oxygen gas» 
Theivilumeofoxygen consumed is, therefore, equal 
^•that of acid gas produced ; and this result as yet 
admits -of no exception *. In such circumstaiures^ 
the carbonic add, which seeds are capable of afford^ 
ing timder decomposition, cannot be supposed 'to mix 
with that formed in germination, unless we not only 
reject the evidence derived from identity of volume 
between the two gases, bi^t admit |he apparent absurr 
dity of befieving, that, in the sa|ne body, the . act of 
decompositibn can consist ^th the function of life^ 
For these reasons we adheire to our former opinion, 
that, in germination, carbonic add is formed only by 
the union of the carbon of the seed with the oxygen 
gas of the air, and that the whole of the oxygen that 
Is lost is to be found in the carbonic acid produced^ 

214. But though, in germination, the conversion 
of oxygen gas into carbonic add is by no one de- 
nied, yet by some it is maintained that a part only of 
this gas is so changed, and that another portion of 
it is absorbed by the seed. The vague and indefinite 
use of the word absorption has, perhaps j contributed 
not a littk to obscure the reasonings on this subject^ 
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which renders it necessary for us to state the sense 
in which we employ that term. In every science, 
precision in the use of terms is essential to correct 
re^f^omAg; but in physiology, which embraces the 
properties and habitudes both of living and inanimate 
bodies, this condition is more indispensably requt« 
red ; and the uniform observation of it demands 
^arce^ less attention than the process of reasoning 
it3elf. Add to this, that physiology, besides possess* 
ing a language of its own, converses extensively 
with almost every branch of science, and is there* 
fore perpetually exposed to the danger of ambiguity, 
from the transference and misapplication of terms. 
Hence it has happened that its doctrines andats Ian* 
guage have inclined sometimes to mechanical, at 
other times to chemical, science, and, not unfre* 
quently, they have assumed a metaphysical aspect, ^ 
215. But whatever meaning the mechanical or 
chemical philosopher may attach to the word absorp^ 
tiottj the physiologist can, with consistency, employ 
it to express only that operation by which fluids are 
rec^ved into the body through a living organized 
structure, or system of vessels. Such an operation 
differs from the imbibition of fluids by inanimate bo- 
dies, which is sometimes named absorptions It dif* 
fers also from the attraction of gaseous bodies by 
fluids or by solids, which often passes under the same 
name ; and, finally, it differs from the ascent of 
fluids in capillary tubes, which, whatever be its cause, 
does not partake of the nature of a living action. 
In all our intestigations, therefore, we have constant- 
ly used the word absorption in its proper pYv^^oYo^* 
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cal sense, and have never employed it to express^ 
what we conceived to be, either a mechanical or che- 
mical action. 

216. In this view of absorption, although water 
enters the seed at first, as we think, by simple imbitn-* 
tion, yet there is no evidence that gaseous fluids can 
be absorbed and decomposed, in the manner which 
many eminent chemists have supposed : neither, 'as 
we have argued (l?.)^ can this oxygen be held to 
gain admission by the operation of chemical affinity. 
The only probable reason, in favojjr of the absorp- 
tion of oxygen, was derived from the belief that 
more of that gas was lost than could be found in the 
carbonic acid produced: but as the facts adduced 
(207. 8. 9.) seem to demonstrate the fallacy of the 
experiments on which this opinion was founded, the 
inference deduced from them can no longer h^ 
maintained. Even those, if such there be, who may 
still be disposed to deny the identity of volume pre- 
served in the conversion of these gases, must, we 
think, admit the approximation to it to be extremely 
near ; and therefore, the portion of oxygen, supposed 
to enter the seed, must be so small as to he incom- 
petent to produce the effects which have been assign- 
ed to it. And to contend that the oxygen of the 
air enters the seed merely from certain eflfects which 
it is supposed to produce, is to invert the ordinary 
rules of philosophizing, which require that this alleged 
agent be shewn to be present in that bo^y^ before 
we venture to describe its operation. 

217« But Mr Acton endeavours to su^ort an ab- 
sorption of oxygen in germination, from the results 



IS 

of eitperiments made on the growth of seeds in oxj^ 
gen gas. For a few days, the volume of gas, in 
these experiments, diminished, and the oxygen was 
more or less completely changed into carbonic acid : 
hence it is inferred that oxygen gas is absorbed by 
seeds, and this to the amount, in some cases, of one- 
third of the whole gas employed *• To these expe« 
riments many objections occur; for, in the first 
place, pure oxygen is not the gas in which seeds na- 
turally grow, and no such diminution of volume at- 
tends their ordinary germination in atmospheric air. 
Moreover, a mere diminution is no proof of the ab- 
sorption of oxygen, in the physiological sense of that 
C€rm; for, in Mr Acton's experiments, paste and 
other inanimate substances produced a similar dimi« 
nution of oxygen, although no living power could 
then have been exerted. On the other hand, this 
diminution, when it does happen, appears to be acci- 
dental ; for in the experiments of Scheele and Cruick- 
shank (6.) no sensible change of volume seems to 
have attended germination, even in oxygen gas« 
Thesq experiments, therefore, are not only excep- 
tionable in themselves, but are contradicted by others, 
and by the results of germination in atmospheric air. - 
They are farther objection^ible from not distinguish- 
ing between the operations of living and inanimate 
matter ; and, were it even allowed that oxygen was 
absorbed in these expieriments, such a concession 
would not prove that it is equally absorbed in atmos- 
pheric'air, where the process is in all respects natural, 
and the results are altogether different. 



* Nicholson's Journal, vol. xxiii. p. 2'29. 
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218. The important experiments of Messrs Allen 
and Pepysy to which we hare ^already referred, en« 
able us to make another correction in our conclusions 
concerning the carbonic acid formed in germination* 
We before followed the opinion of M. Guy ton, that 
this acid contains only one-fifth of its weight of car* 
bon ; but these gentlemen have found that the pro* 
portion of carbon comes much nearer to the deter- 
mination of Priestley and Lavoisier, the former of 
whom made it one*founh, and the latter rrr of the 
compound. The average result of their experiments 
afforded tt^"^ = tVt ^f carbon. They ascertained 
also,, with great precision, the specific gravities of 
oxygen and carbonic acid gases ; finding a cubic 
inch of the former to weigh 0.3382, and a cubic inch 
of the latter 0.4726 of a grain, which weights, they 
observe, correspond almost exactly with those pre^ 
viously assigned by Mr Davy. 

219. If, therefore, the quantity of carbon, given out 
by the seeds in our experiments (8. 9.), be recalcu- 
lated on the suppositions that no change of bulk at- 
tends the conversion of oxygen gas into carbonic 
acid^ and that the relative specific gravities of these 
two gases are such as is above stated, it will be found, 
that the quantity of carbon, existing in the acid form- 
ed by germination, is greater than we before assigned 
when proceeding on different data, being ttt instead 
of T.TTj as before stated (13.) : and, consequently, its 
proportion approaches nearer to the determination of 
Allen and Pepys, who, as we have seen, make it to 
constitute rir ^^ ^^e compound. 

220. But npw that the specific gravities of oxygen 
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and carbonic add, and the composition of this latter 
gas, seem to be determined with so much accuracy, 
we can have no difficulty in estimating the actual 
quantity^ of carbon which growing seeds afford in a 
given time, if we know the quantity of oxygen gas 
that is consumed : for as the bulk of acid produced 
is exactly equal to that of oxygen lost, the quantity 
of carbon given out by the seeds will be indicated by 
the excess *of the weight of this acid gas over that of 
the oxygen. Thus in the experiment already related 
(8,)» twelve peas were put into ajar with 16*5 cubic 
inches of air, of which 3.46 inches were oxygen gas. 
By the fourth day, the whole of this oxygen was con- 
sumed, and the radicles of the seeds were about an 
inch in length. Now, as 3.46 cubic inches of carbo- 
nic acid were likewise produced, which contain 0.465, 
or rather less than half a grain of carbon, such may 
be considered to be the quantity of that substance 
furnished by these twelve peas in four days ; or one 
pea, in that time, yielded 0.039 of a grain of carbon. 
Hence the quantity of carbon yielded by seeds, before 
they become capable of replacing it by absorption 
firom the soil, is extremely small. Dr Thomson ob- 
serves, that, from a good many trials, made with as 
much care as possible, the quantity of carbon sepa- 
rated, during the whole process of malting, by the 
formation of carbonic acid gas, does not exceed two 
per cent *. 

221. With respect to the mode in whichi^e car- 
ton of the seed unites with the oxygen gas of the 
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air^ we have, at present, nothing to add to what has 
been already stated (16. etseq.). We have there ar- 
gued, that no proof exists of any part of the air be- 
ing absorbed by, or attracted into the seed ; but 
have supposed that the combination of carbon and 
oxygen takes place exterior to its vascular structure. 
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ADDITIONS TO CHAP. 11. 

OP THE CHANGES INDUCED ON THE AItt tt 
THE VEGETATION OF PLANTS* 



. — Of ike Vegetation of Plants in the Shade. 

222. X HE necessity of water, heat, and air, to 
carty forward the process of vegetation, is universal- 
ly admitted, and the general operation of these agents^ 
is abundantly established by the facts (23. 4. 6.) al- 
ready related. In our former discussion of the spe- 
cific changes induced on the air by vegetation (29 1 
et seq.), we endeavoured to establish, by experiment, 
the same. general facts as have been des^ibed to take 
place in the germination of seeds ; but the facts, 
which are supposed to lead to an opposite conclusion, 
are so nuiherous, and, apparently, so decisive, as still 
to persuade many eminent chemists, that oxygen gas, 
instead of being consumed, is really produced by the 
ordinary process of vegetation. In the present chap- 
ter we propose, therefore, to reconsider our own ex- 
periments and opinions, and to examine, with more 
attention, those which are opposed to them, in order 
to discover, as far as we are able, the causes of these 
discordant results^ and thus to arrive at as mucVvtiu\!lCk, 

B 
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a&d certainty as our present knowledge of the subject 
^11 enable us to attain. 

223. It wiU be seen, as we j^oceed in this discufi^ 
sion, that our opinions on this subject are by na 
means so novel as they have been commonly sup- 
posed, nor as we ourselves, at one time, thought 
them to be^ and we shall gladly introduce the opi-* 
nions of preceding writers, not only because they 
must add weight to our own, but because we are 
anxious to do entire justice to those who^ have gone 
before us in investigating this much controverted 
^Subject. 

224. The experiments which have been detailed 
in the former part of our Inquiry (31. et seq.), and 
which were designed to prove the complete oonvar-^ 
i^ion of oxygai gas into carbonic acid by veg^ation^ 
were repeated a gieat number of times, and with e« 
very attenticm to guard against fallacy, which oar 
own experience, and that of many friends who vnit* 
nessed their progress, could suggest. In a subse* 
quent repetition of these experiments, we varied the 
jnode of analysing the residual air, by first raising 
the jar, and then passing the alkaline solution (32.) 
Hirhich contained the carbonic acid, into a tube filled 
with mercury, and inverted in a trough of that ifiuid. 
To this solution, a portion of diluted acid was tbm 
added, which excited a brisk effervescence^ and c^u^ 
sed the disengagement of more than two cubic inches^ 
of carbonic acid gas. On comparing the volume of 
this gas with the diminution which the whole air ^d 
suffered, we found it to be nearly equal ; so that we 
ibus obtmedi in a distinct and palpable form; a bulk 
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of carbonic acid, corresponding, nearly, with the 
quantity of oxygen gas, which the air, employed in 
the experiment, actually contained. 

225. There is, however, one possible source of 
fallacy in these experiments, which our friend Mr 
Murray, who repeatedly witnessed their progress, 
and has expressed himself fully satisfied of their ap- 
parent accuracy, has ^ince suggested, to which it be* 

. comes us to attend. ** The plsftits submitted to ex- 
periment, both in the experiments of Scheele and of 
Mr Ellis, were," he observes, " those the white 
and succulent stems of which are large in proportion 
to their leaves, such, for example, as peas and mus*- 
tard. Now, it appears from the experiments of In- 
genhousz and Saussure, that it is only by the green 
psuts of plants that carbonic acid is decomposed and 
oxygen evolved ; while from the white and succulent 
parts, it is established by Saussure, that carbonic 
acid is formed by the action of the oxygen of the 
surrounding air upon them *•" A sitnilar objection 
occurred to Dr Henry, who tow the experiments re* 
peated in June 1 807) and satisfied himself of their 
general accuracy in other respects j by obligingly 
taking the trouble to analyse the residual air. 

226. In order to tneet this objection, it is neces- 
sary to recur again to experiment, and to employ 
plants of a greater age, or such as have no white 
pan* belonging to them. With this view, we pro- 
cared several plants, which grew in small garden 
pots, and placed them to vegetate in given quantities 
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^f atifiosphcHc air. To accomplish this piirposs"^ 
without injury to the plant, we caused several cir- 
cular tin dishes to be made, some of which were a-- 
bout six inc^hes in diameter, and one and a half in 
depth, and others of little more than half these di-^* 
mensionsi Each dish was divided through its mid-^ 
die into two parts, and exactly in the centre of each 
part a semicircular cut was made^ so that, when the 
two parts were brought together, a circular hole was 
formed, just large enough to admit the stem of the 
plant. One of the parts was made a little smaller than 
the other, so as to pass about an inch within it ; and 
to the bottom of this smaller part a fiat piece of tin was 
partially fastened^ in such a manner as to receive the 
bottom of the larger half in a sort of sheath, by 
which the two parts were rendered perfectly steady. 
As the plant grew in the pot, the two parts of the 
dish, previously separated, were brought together,- 
one on each side the stem,- and m^de to sKde inta 
each other without infjury to the stem, which rose 
through the central opening,---whtle the circular dishr 
itself now rested securely on the margin of the pot.^ 
By this arrangement, the plant was left growing in^ 
its natural situation, and all sources of fallacy fronv 
the mould were effectually removed. The junction 
of the two psu'ts, and the aperture which received 
the stem of the planr, were How made water-tight by 
a proper luting, and the jar was then inverted over 
the plant into the tin dish, which was now filled witir 
water. 

227* One of these dishes was made to inclose a 
young bean as it grew in a pot, to the height of thpee 
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and a quarter inches, and, after the junctures were 
secured by luting, a small jar, of the capacity of 18.5 
cubic inches, filled with atmospheric air, was in- 
verted over it, and the communication with the ex- 
ternal atmosphere was cut dfF by water poured into 
the dish. In this situation, the plant grew in a room, 
in fiiH day light, from the 10th to the 14th of Au- 
gust, in a temperature varying from 60 to 65 or 68®. 
It increased about two inches in heigl^t during this 
period, and at length pressed against the upper part 
of the jar. The air of the jar was now examined. 
It did not contain any sensible portion of carbonic 
acid, which had, probably, been attracted by the wa- 
ter that had entered the jar ; but 100 parts of the 
residue lost only 1 6 by slow combustion with phos- 
phorus, so that the atmosphere had lost t^ of its 
oxygen gas. 

228. Another young and vigorous bean plant, 
growing in a pot to the height of seven inches, was 
confined, in a similar manner, in about 96 oubie 
inches of atmospheric air, a little more than half a 
cubic inch of the water of potassa being previously 
placed in an egg-cup underneath the jar. from the 
1 1th to the 15th of August, the plant grew at the rate 
nearly of three quarters of an inch a-day, and the 
water, at the^ same time, rose gradually into the jar. 
On the 16th and I7th its growth was much less, and 
at last it was not perceptible. Some of the lower 
leaves of the plant now began to look dry and black. 
In the whole, it had grown in height more than two 
and a half inches, and the water, when the experi'- 
ment was terminated^ had risen one 9Xid ^YvidXi vxvOsv 
daio the Jan 



2?9. By the former experiment (227.), it wa^i 
proved that the oxygen gas of the air was in part 
consumed, and the same circumstance may be pre- 
sumed to have happened in this case, from th^ gra* 
dyal decline and final cassation of growth which took 
place. The formation of carbonic acid may also be 
presumed, from the continued rise of the water into 
the jar j but to prove this more clearly, we raised 
the jar, and passed the alkaline solution into a small 
jar filled with mercury, and inverted in a bason of 
that fluid. A small quantity of diluted sulphuric 
acid was th6n added to the solution, which caused 
an immediate effervescence, and the extricatio|i of 
nearly two cubic inches of carbonic acid gas, which 
were afterwards entirely attracted, with the usual 
phenomena, by pure lime water. These experiments 
therefore prove, that by t^e growth of young beans^^ 
which contain no white parts, but, on the contrary, 
)iave both leaves and stems of a deep gree^ colour, 
the oxygen gas of the air is changed into carbonic 
acid, in the same manner as by the mustard plants 
mentioned (32.) in the former part of our Inquiry. Si-^ 
milar results were obtained by placing radishes, a plan( 
of hydrangia mutabilis, and some others, in like cir- 
cumstances. These experiment^ were likewise seen 
by Mr Murray, who considers them as obviating 
entirely the objection which he had previously sug- 
gested*. 

230. To reniove any objection that may be made 
to the early age of these plants, or to their being ea^ 
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tirely of an herbaceous nature, we next procured a 
young willow plant, about 14 inches high, the stem 
suid greater part of whose branches were of a firm 
and woody texture* It grew in a garden pot, and a 
tin dish, of a large ^ze, was adjusted to it, in the 
manner already related. On the 28th of July, a bell 
shaped jar, of the capacity of 250 cubic inches, was 
inverted over it, the mouth of which was, as usual, 
sarrounded with water. The apparatus was set aside 
in a room, in full day light, but not exposed to the 
aun^ where the temperature, through the day, varied 
£rom 60 to nearly TO"*. The plant looked quite fresh 
and in a growing state for a few days, but on the 
3l8t^ two of its leaves fell off, and,- by the 3d of Au- 
gust, nearly half its leaves had fallen. Apprehensive 
that if the leaves were suflfered to remain within the 
jar, decomposition might ensue, and disturb the na- 
tural result, we removed them by immersing the 
whole apparatus in a deep trough of water, and then 
cautiously raising the jar, we drew away all the fallen 
leaves under water, without permitting any fresh air 
to enter. At die same time, a small quantity of the 
air of the jar was passed into another jar, and was af- 
terwards found, on analysis, to contain no carbonic 
acid, but it lost tVtt by the slow combustion of phos^ 
phorus. The apparatus was afterwards replaced in 
its former situation. 

231. During the following days, the leaves conti- 
nued to fell, and by the 6th of August, few remained 
on the branches ; the plant, however, in other re- 
spects, looked healthy, and had grown about an inch* 
We now again removed the fallen leares as V^^^oice^ 
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and examined a second portion tof the air, which, af- 
ter washing in lime water, now lost only -Afe by the 
test of phosphorus. The plant was then restored to 
its former situation, and suffered to remain till the 
1 8th of August, at which time its stem had reached 
the top of the jar, having grown in all nearly three 
inches. The extremities of its branches still looked 
thriving and succulent, but they were almost entirely 
defoliated. The atmosphere being now a third time 
examined, lost, in repeated trials, only -nry by the 
combustion of phosphorus, so that -r^ of its oxygen 
had, in the whole, disappeared. In this experiment, 
the gradual deterioration of the air in which the grow- 
ing plant was confined, cannot otherwise be explain*? 
ed than by supposing its oxygen to be converted into 
<:arbonic acid, which acid was attracted by the water, 
in which the vessel was inverted. 

232. In the same manner, we placed on the 10th of 
July, a young and vigorous myrtle tree, seven and a 
half inches high, and growing in a garden pot, in 130 
cubic inches of air which was confined by water. On 
the. 18th, the plant looked fresh, but half a dozen 
leaves had fallen, and many more fell the next and 
succeeding days. On the 22d, the pot and jar 
were immersed in water, and a portion of its air re- 
moved ; 100 parts of this air being shaken with limp 
water lost three parts, and the remainder lost by com- 
bustion with phosphorus 16 parts more, making in 
the whole ^V; so that t^tt of the atmosphere had 
been consumed, of which three existed in the form 
of carbonic acid, and the two other parts may be 
r^^a^Bably supposed to have been also attracted, in 
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the form of acid gas, by the water over which it stood, 
and through which it was passed. These exjyri- 
ments, therefore, prove, that ligneous, as well as her- 
baceous, plants, during their growth, equally convert 
the oxygen gas of the air into carbonic acid. 

2^ii* It is worthy of remark, that, in both these 
experiments with the willow and myrtle, the plants 
were -almost entirely deprived of their leaves, a cir- 
cumstance for which we cannot satisfactorily account. 
There was no want of moisture in the earth in which 
they grew, nor was there any substance in the jars to 
abstract their moisture, and thus to accelerate the 
£iU of the leaves. The leaves, also, did not appear 
diseased, nor in any respect changed from their nar 
tural state ; neither have we observed any thing si«- 
milar to happen with herbaceous plants. There can 
be no doubt but that the atmosphere, in which the 
plants were confined, was supersaturated with mois- 
ture, which would certainly check evaporation from 
the surfaces of the leaves ; but whether the stagna- 
tion thus created was the immediate ^ause of the 
phenomenon, we do not undertake to decide. The 
qualities of the atmosphere had not undergone, in 
other respects, any very great change, not above one- 
fourth of its OKygen having been destroyed in the 
case of the myrtle ; nor, if this had proceeded to a 
greater extent, would it explain the fall of the leaves, 
though it might have occasioned the death of the 
plants. But neither of the trees, in this instance, 
died : on the contrary, they were growing, in a small 
degree, all the time, and, after being released from 
their confinement^ ti^^y again recovered iVidr W^n^^ 
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2S4. In the foregoing experiments^ no circum- 
st^ce, as feir as we can discover, was present, which 
could interfere with the natural progress and result 
of vegetation* The plants remained growing in the 
earth, and except that they were confined in a small 
volume of air, every other circumstance was natural 
to them. Nor was any substance admitted into the 
glass vessels, except the plants, which could, in any 
material degree, affect the air, unless it be conceived 
that the small quantity of luting, employed to close 
the junctures, operated in that way. We found in- 
deed, that the lutes we employed did, in a small de- 
gree, act on the air ; but we satisfied ourselves that the 
sihall <)uantity used, compared with the volume of 
air employed, and covered, as it often was, with a 
considerable dq^th of water, could not, in any mate- 
rial degree, interfere with the expected results. To 
do away, however, the possibility of error from this 
cause, we varied the method of experiment in the 
following manner, in which no luting was employed, 

235. We procured some young succulent cuttings of 
willow, and placed several of them together in phials 
of pure water, which phials were then confined un- 
der separate jars of atmospheric air, inverted in water. 
The jars were then set aside in the shade on the 9th 
of July. By the 1 6th of that month, the cuttings had 
thrown out small rootlets, which, by the 22^ were, 
in some instances, nearly an inch in length. On the 
.2Sd, the air in^ one jar was examined. It lost tttt by 
agitatioa with lime water, and afterwards, by the slow 
combustio|i of phosphorus, it lost eleven parts more, 
tn?iking '^ in all ^ so that nearly half the oxygen 
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ga$ of the air employed v^s consumed by vegetation, 
of which sevaa parts existed in the state of carbonic 
adUl at the time of examination, and the remaining 
three part$ may reasonably be supposed to have been 
attracted, in the state of acid gas, partly by the water 
over which the vessel was inverted, and partly by 
that through which it was passed, when submitted to 
ei^amination, 

236. On the 26th of July we raised a second jar„ 
under which cuttings of willow had been confined, 
and in which, also, a small quantity of solution of po« 
t2^98a had been placed. Into this jar the water had 
risen half an inch, and, on pouring diluted sulphurig 
acid into the alkaline solution, a very brisk efferves« 
cence was excited. In a third jar, where a similar 
quantity of solution had been inclosed, the«.same 
phenomena were exhibited. In a fourth jar, -r^ of 
the oxygen gas were consumed. In a fifth, where 
nine similar cuttings of willowwere placed in a large 
mouthed phial under a jar containing 73 cubic inches 
of atmospheric air, the air, on being examined on the 
5th day, lost T\nr by lime water, which it rendered mil* 
ky^ and the residue lost seven parts more by the slow 
combustion of phosphorus. Allowing also a little acid 
gas to have been attracted by the water during the 
analysis, we ^^ enabled tp account for the whole 
oxygen which the air originally contained, of which 
^ had been converted into carbonic acid, and -rn 
remained at thd time the analysis by phosphorus 
was owle* In these experiments, ther^re, no sab-^ 
stance^ except the vegetables, was present, which 
could, in the smallest degree, afiect the air *, axui xSm. 
resiilts correspond entirely with thp^e alre^Ldy ^\\etv» 
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2S7# We still farther varied these experiments, by 
taking up a young bean out of the pot in which it 
vrzs growing, and carefully washing all the mould 
from its roots. The plant was about seven inches 
high, and its roots were put into a cubic inch glass 
measure, nearly filled with water, on the ^Oth Au- 
gust, when the thermometer was at 66*^. The glass 
measure was then put into an egg-cup containing one 
cubic inch of the water of potassa, and the egg-cup 
was placed in a deep saucer. ^ bell-shaped jar, of 
the capacity of 86 cubic inches, containing atmosphe- 
ric air, was then inverted over the plant, and mer- 
cury poured round its mouth, to cut off the com- 
munication with the external air ; a small stra- 
tum of water, about -rV of an inch deep, being 
poureji on the sorfiace of the mercury. By the 
21st, the plant had grown more than one-fourth 
of an inch above a thread which had been tied 
round the jar to maYk its height, and the mer- 
cury had risen a little into the jar. By the 22d, the 
mercury was about ^ of an inch high in the jar, and 
the plant was still growing. By the 23d, the mer- 
cury stood tV of an inch high in the jar, and not- 
withstanding the film of water that covered the mer- 
cury,- the lower leaves were much discoloured. We 
therefore put an end to the experiment, by raising 
the jar out of the mercury ; and then passing the al- 
kaline solution into a small jar of mercury immersed 
m a bason of that fluid, we obtained, by adding to it 
a due quantity of diluted sulphuric acid, about one 
cubic inch of carbonic acid gas. Now, the diminution 
in the irolume of air, in this experiment, must have 
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itisea from tiie attraction of carbonic acid by the at' 
kaline fluid, and this carbonic acid must have been 
in* part formed out of the oxygen gas of the atmos- 
phere ; for had it been formed by the plant, inde- 
pendently of the surrounding atmosphere, no dimi-* 
jiution of volume would have taken place. 

238, Several cuttings of willow were, likewise, 
placed in a large-mouthed bottle filled with water, 
and confined in about 89 cubic inches of atmosphe- 
ric air, from the 20th to the 24th of August. The 
month of the inverted jar was surrounded by mer- 
cury, and it was set aside in day light, but not expo<- 
sed to the direct rays of the sun. One hundred parts 
of this air lost five by agitation with lime water, and 
thirteen psu-ts more, by the slow combustion of phos* 
pborus ; so that the three remaining parts, required 
to make up the -^ of oxygen gas, which the air ori- 
ginally contained, must have been converted into car- 
bonic add, which was in part attracted by the film 
of water that covered the mercury, and partly by the 
water though which it was passed when submitted to 
esamination. 

239. The whole of the experhnents which have 
been now detailed appear to us to establish, in a sa- 
tisfactory manner, the conclusions which, in our for- 
mer publication (32. 3. 4.), we ventured to draw ; 
for they prove that the oxygen gas of the atmosphere 
is converted into carbonic acid gas by the process of 
vegetation, and that the bulk of the latter gas nearly 
or exactly corresponds with that of the former; and, 
consequently, they demonstrate that the air is deterio- 
rated by the growth of plants^ in the same Tnsi:(msi 
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8S by the germination of seeds, and that no part of 
the oxygenous portion of the atmosphere combines 
^ith the substance of the plant. 



240. It may, perhaps, add weight to the forego- 
ing conclusions, if we are able to shew, that, not- 
withstanding the apparent contrariety of fact and o- 
pinion which has prevailed on this subject, the wri* 
tings of various authors furnish decisive evidence that 
growing vegetables produce in the air those specific 
changes, which we have held to be essential to vege- 
tation. Even so far back as the time of Dr Hales^ 
an experiment is related which entirely accords with 
these views. That eminent philosopher set a plant 

- of peppermint, on the 29th of June, in a glass dstan 
of earth, and filled it with water. Over this cistern- 
he inverted a glass vessel, and then drew out part o£ 
the air by a syphon, so as to 4eave 49 cubic inches 
of air in the vessel. By the side of this vessel he 
placed another of the same size, inverted in a si- 
milar manner, but without any plant beneath it. 
tn a month, the mint in the first vessel had put forth 
several young shoots. The water, in both vessels, 
rose and fell with the variations in atmospheric pres- 
Sure and temperature ; but the water, in which the 
|>eppermint stood, rose so much above its first fixed ' 
station, and above that in the other vessel, that one- 
se?^enth part of the air must, says Dr Hales, have been 
reduced to m fi^ed state. This happened chiefly ia 
the summer < months.. ^In the beginning of the foi- 

lowing Aprils the old mint was t^^n o\xX> ^xA ^ 
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fresh plant put in its place^ to try if it would imbibe 
any more of the ail*, but it faded in four or five days ; 
and yet a fresh plant, put into the other vessel, whose 
air had been confined for the same time, lived nearly a 
month, or almost as long as another plant lived in 
newly confined air *• 

241. This great diminution of the air of the vessel 
in which the mint had grown, Dr Hales supposed to 
afford a proof that the leaves and stems of plants im- 
bibe elastic air ) but we now know that carbonic acid 
must have been formed, and afterwards attracted by 
the water over which the vessel was inverted. That 
the pure part of thfe air had, in a great measure, dis* 
appeared, may be inferred, also, from its incapacity 
to. support a fresh plant that was placed in it, which 
dbe air, confined the same time in a similar vessel, 
was found able to do. Dr Hales himself, indeed,* 
proved this face by an analysis of the residual air; for 
ife found, that, after being infected by the mint, so 
tfiat a fresh plxat would not grow in it^ it suffered a 
fiirther dimmution of four cubic inches, when a mix^ 
tare of sulphur and iron^^filings with water was placed 
in it if, therefore, we consider the first diminution 
of the air by the plant to have been occasioned by the 
Ibrmilion and attraction of seven* cubic inches of car- 
bonic acid (which is one-^venth of the whole air 
employedX smd add to it four cubic inches of oxygen^ 
g^, abstracted by the mi^ure of iron and sulphur, 
we shall have eleven cubic inches as the whole loss 
which the air sufifered ; and H = -^ttt^ we now know 
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tGT be nearly the proportion of oxygen gas which the( 
Atmosphere contains. 

242. We have already given (27.) the results 
of Dr Priestley's experiments on this subject, and 
have shewn them to be so much at variance with each 
other, as altogether to preclude the possibility of any 
just inference being drawn from them. It may, 
however, be useful to examine more minutely the cir- 
cumstances in which these experiments were made^ 
since we may thereby be led to a discovery of the 
causes of their discordance, and a detection of some 
sources of error, which the state of chemical science 
did not, at that early period, enable this candid phi^ 
losopher fully to appreciate. 

243. Dr Priestley had himself at first expect- 
ed^ that, ^^ since common air is necessary to ve- 
getable as well as to animal life, both plants and 
animals . would have affected it in the same man- 
ner ;'' but he found, that, after a sprig of mint 
had grown for some months in -a glass jar, standing 
inverted in a vessel of Water, the residual air was still 
capable of supporting combustion, or respiration* 
He observes, however, that, in this experiment, the 
root of the mint decayed^ and the stalk also, begin-^ 
ning from the root, and yet the plant continued to 
grow upwards through a black and rotten stem : and 
in this manner a sprig of mint lived, the old plant 
decaying, and new ones shooting up in its place, all 
the summer season *. 

244. But w e now know, that, under the deconv- 
position of vegetable bodies, various gases are disen- 
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gaged, and, among these, oxygen gas itself may be 
either directly or indirectly set free. Thus M. de 
Saussure confined two plants of intntha aquatica in 
two equal jars of common air, and placed them to 
vegetate in sunshine for three weeks. By the side 
of each plant he put a piece of withered dead mint ; 
but in one case the mint was covered by water, while, 
in the other, it was suspended in the air of the ves- 
sel. The plant, which vegetated in the neighbour- 
hood of the suspended mint, had not ameliorated its 
atmosphere, but that, which grew in the vessel with 
the moistened dead leaves, had added many times its 
volume of oxygen gas to the common air which sur- 
rounded it *• Dr Priestley himself, indeed, observes, 
that, " in repeating his experiment, care must be 
taken to remove all the ddSid leaves from about the 
plant, lest they should putrefy, and affect the air t J 
and yet he inadvertently draws his conclusion from 
an experiment where this process of putrefaction was 
constantly going on. 

245. There are other experiments, however, of 
this philosopher, made in a less exceptionable man- 
ner, and to which no apparent objection occurs. He 
had several instances, he says, of vitiated air being 
meliorated, and of common air being considerably 
improved, by the shoots of strawberries, and of some 
other plants, which he could, by bending, introduce 
into jars of air, while the roots continued in the earth* 
This he considered to be the fairest method of trial. 
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as the plant grew, in every respect, in its nattiftl 
il^ay, except that part of the st:em was obliged to lie 
in water, and the shoot was in air confined in a nar*' 
row jar *. All the cases in which common air wa& 
improved by vegetation, he elsewhere says, were those 
in which the roots of the plant were in the ground^ 
and flexible sprigs from them were bent, and made to 
pass, in this manner, through water into the jars eon-^ 
taining the air f. " Most of these experiments, haw- 
ever, were madfe in June and July, and, ai^hey were 
conducted in the open air, it is highly probable that 
they were carried on under fl direct exposure to the 
rays of the sun, which we shall hereafter see to exerti 
peculiar effects on the gases produced in this pro- 
cess. 

246. Several sources of fallacy exist ki the experi>- 
ments which Dr Priestley made to restore the purityf 
of air that had been vitiated by the combustion of 
iHrax, taHow, and alcohol. He placed sprigs of mint,^ 
and other plants, in portions of this air ; and he found 
that five or six days were sufficient to restore the air,» 
when the plant was in its vigour. He farther con- 
sidered this restoration to depend on the vegetating 
state of the plant ; for when the fresh leaves only of 
mint were kept in such air, for a long space of time^^ 
and were frequently changed, no melioration could 
be perceived in it J. 

247. Oil these experiments we may remark, that 
combustion generally terminates in closed vessels 
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some time before the whole of the oxygen gas is con- 
sumed ; and, consequently, enough of that gas might 
remain to support vegetation, especially that of the 
hardier plants. But a still greater source of fallacy 
is, probably, to be found in the carbonic acid formed 
in these processes, which, if retained in contact with 
the plant, might, as we shall hereafter see, be de- 
composed by Light, and thus furnish oxygen gas to 
carry chi the growth of the plant. It is worthy oi 
remark, that Mr Scheele never found foul air to be 
rendered salubrious by vegetables, even when placed 
in the light of the sun ; but, in all his experiments^ 
he carefully removed the carbonic acid by washing 
it in milk of lime before he placed the vegetables in 
it •. And, in accordance with this fact, Dr Priestley 
himself observes, that when he employed air that had 
been vitiated by iron-filings and brimstone, or by ni- 
trous gas, it did not fail to kill the plant f. 

248. Dr Priestley's next attempts to establish the 
purifying powers of plants were made on air that had 
been injured by animal respiration. Into a jar, near- 
ly filled with air rendered noxious by mice dying in: 
it, he put a sprig of mint, on the 20th June ; and 
another portion of the same air be put into a phial, 
which was placed by the side of the former. In se- 
ven days, a mouse lived five minutes without uneasi- 
ness in two and a half ounces of the air in which the 
plant had grown ; but died in two or three seconds, 
in the same quantity of the air of the other phiaL 



* On Fire and Air, p. 37. l63. 
t Obs. on Air, vol, iv. p. 301. 

c 2 



56 

In a similar quantity of common air, another vanmzi 
Kved seven minutes; and Dr Priestley concluded^ 
'* that the restowd air wanted about one-fourth of 
being as wholesome as common air *.'* In another 
experiment, a fresh mouse lived 14 minutes in twa 
and a half ounce measures of respired air, that had 
been restored by vegetation ; and in air, rendered in- 
capable of supporting the flame of a candle by Dr 
Priestley's own respiration, he also found, that a can-^ 
die would again bum, after a sprig of miiit had been* 
made to grow in it. In this case too, the effect^ he 
adds, was not owing to any virtue in the leaves^ but 
to the vegetating powers of the plant f. 

249. In these experiments^ the same sources of 
fallacy may be pointed out as in those made on air 
injured by combustion. No precaution was taken 
to remove the carbonic acid formed by the respira- 
tory process, nor is it stated whether the experiments 
were conducted in sunshine, or in the shade. The 
higher orders of animals, also, die in confined gas 
some time before the whole of the oxygen is consum- 
ed, so that vegetation might, to a certain extent;, go 
on in air incapable of supporting animal life. 

250. Dr Priestley, in the last place, endeavoured 
to restore the purity of air that had been injured by 
the putrefaction of vegetable and animal bodies^ 
His general hypothesis required that vegetables 
should continue to live, and that animals should die, 
in such vitiated air ; but he observes that insects, of 
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various kinds^ live perfectly well is tainted air, which 
would have instantly killed otherr animals. He has 
even been obliged to take plants out of such putrid 
air, on purpose to brush away the swarms of insects 
that infested them, so fast 4id they multiply in these 
circumstances. Not only, however, did animals 
thus live in air, in which, on Dr Priestley's hypothe- 
sis, they might have been expected to die, but vege* 
tables died in that in which they ought to have 
lived ; for he found, that ^^ when air had been fresh- 
ly and strongly tainted with putrefaction, sprigs ai 
mint have presently died on being put into it, their 
leaves turning black ; but if they did not presently 
die, they throve in a most surprising manner *.** 
From the facts already stated (244.), it appears that 
the air, vitiated by putrefaction, is restored, in cer- 
tain circumstances, to a state capable of supporting 
vegetable and animal life, and inattention to these 
circumstances suggests at once a probable reason for 
that contrariety of result which those experiments 
afibrd. 

351. Towards the end of the year 1771, continues 
Dr Priestley, these experiments did not answer so 
well, the restored air having relapsed to its former 
noxious state. In 1772, he had again the most in- 
disputable proofs of the restoration of putrid air by 
vegetation ; but, in 1778, the experiments were un- 
favourable, for whethfer they were made with air in- 
jured by respiration, by combustion, or by any other 
means, the air was not rendered better, but worse. 
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&y r^eCation ; and the longer the plants continued 
in it> the worse it became. As the general result of 
all his experiments, however, Dr Priestley thought 
it ptvbablej that the vegetation of healthy plants, 
growing in situations natval to them, had a salutary 
influence on the air in which they grew, since one 
clear instance of the melioration of air in these dr-i 
cuinstanoeSy should, says he, weigh against a hun-» 
dred, where the air is made worse by it *• 

252. Such is the series of experiments from which 
Dr Priestley endeavoured to shew that plants, by 
their vegetation, purify corrupted air : and such are 
the terms in which his opinion is finally expressed. 
I'lie probability only whidi he attached to this opi- 
nion, has, by others, been converted into certainty ; 
and time hitherto has appeared rather to confirm, 
than to correct the error. The contrariety, hxsm^ 
ever, that pervades all his experiments, and the 
^ fearful odds^ against which his general amdosian 
is drawn, are, of themsdves, suffident to beget doubt 
and distrust ; and if, to these circumstances, we add 
the numerous sources of fallacy which have bow 
been stated, and the want of precision in the methods 
of analysis employed f, we must be convinced that 
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ifiese experiments are altogether inadequate to decide 
the general issue of the present question. 

253. Lastly, Dr Priestley relates that his method, 
in inaking these experiments, was to put the roots of 
the plants into phials filled with earth and water, 
and then to introduce them, through water, into the 
jar containing the air on which he was making the 
experiment, — a method which itself gives rise to new 
sources of error. It was observed long ;since by Dr 
Ingenhousz, that fresh vegetable mould, confined in 
*€<!)mmon air, considerably depraved it, by forming, 
as he supposed, carbonic acid *. Dr Thomson con- 
firmed this fact, by finding, as M. Humboldt had al- 
so done, that newly turned up soil causes a removal 
<i{ the oxygen gas of the air, and a production of 
carbonic acidf. And M. de Saussure found that 
{mre earth, confined either in atmospheric air, or in 
oxygen gas, formed carbonic acid in proportion to 
tihe oxygen lost, without at all diminishing the volume 
rf the air, farther than by the subsequent attraction 
<rfa small portion of the acid. The oxygen consumed, 
he adds, is found in a quantity rigorously equal in 
l!he carbonic acid produced : whence it follows, that 
'rtie earth does not assimilate the oxygen to itself, but 
only affords carbon f o unite with it J. From these 
facts, it is evident that the -fcarth, in Dr Priestley's 
experiments, must have continudly vitiated the air, 
2Liul thus have introduced a constant source of fallacy 
Into their results. 



m/t^ 
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254. We have been drawn into these detailed re- 
marks, not from any desire to depreciate Dr Priest- 
ley's labours, but from the circumstance of their 
having fir^t given origin to the opinion, that plants, 
by their vegetation, at all times purify the air, and 
from a consideration of the importance which has 
ever since been attached to them. In the experi- 
mental sciences, it is chiefly by the successive detec- 
tion of each other's errors that we gradually advance 
to truth ; for rarely, indeed, does it happen, that hu- 
man sagacity can at once foresee and appreciate all 
the possible circumstances in an experiment, which 
may influence and ,controul its result. There is, 
therefore, no cause to wonder that this illustrious 
philosopher did not discover those sources of fallacy, 
which the more advanced state of science has alone 
enabled his successors to point out : and the reflec- 
tion, that our apparently more correct views may, ^t 
no distant day, undergo a similar revision, ought not 
only to teach us becoming diffidence in our owa 
opinions, but may serve to check that rising triumph, 
which little minds are sometimes apt to feel, when 
they see thus exposed the mistakes of superior men. 

25.5. The accurate and decisive experiments of. 
M. Scheele, on the germination of seed$, have bj^eA 
already detailed (207.), and his experiments on the 
vegetation of plants seem to have afforded precisely 
the same results. Dr Priestley, he observes, found 
that vegetables make foul air salubrious ; but, in his 
own experiments, they always injured the air. He 
kept vegetables in a closed matrass, filled with foul 
air, both in darkness, and in the light of the sun. 
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and examined aome part of this air every two 
days, but he always found it foul * ; so that the ex- 
perience of Scheele is directly opposed to that of 
Priestley. 

256. From what has been stated, however, wp 
may collect, that both these eminent men were, to a 
certain extent, ' correct, and that both erred only by 
pushing their conclusions too far. Little doubt can 
remain but that, in many of Priestley's experiments, 
th<* air was much ameliorated ; and it is equally cre- 
dible that, in all those of Scheele, it continued un- 
improved. Both philosophers seem to have been 
aware how much the state of the plant, and the a- 
gency of light, influenced the result ; but both failed 
m duly discriminating the composition pf the air, 
which they were accustomed to denominate foul ; 
for while the air used by Priestley (247.) seems al- 

I ways to have contained a portion of carbonic acid, 
that employed by Scheele (247.) consisted only of 
nitrogen gas. It was this difference in the composi- 
tion of the air employed in the experiments, which 
gave rise to a difference in their results; and the 
mode in which it contributed to do so will hereafter 
be distinctly stated. - 

257. The experiments of Priestley and Scheele 
were repeated, and pursued-to a great extent, by D^r 
Ingenhousz. Common air, says this author, is ^- 
qually necessary to the life of animals and of plants. 
It is, however, only one-fourth part of this air that 
serves this purpose j and hence a plant, confined ii^ 



i 



f On Air and Fire, p. l63. 



42 

a ^ven quantity of air, perishes ins the shade, after 
having changed about one-third of it into carbonic 
acid, even although this carbonic acid be daily re- 
moved. The cause of the death of the plant, therefore, 
is not, he adds, the presence of carbonic acid ; but 
it dies from having completely deteriorated the air, 
just as an animal would have done *. Plants also, 
he continues, grow in oxygen gas, and, like animals, 
produce carbonic acid in it ; and oxygen gas, instead . 
of being destructive to plants, is the support ^botli of 
animal and vegetable life, the true pabulum *cita of 
both the living kingdoms of nature f. 

258. The opinions of M. Senebier, concerning the 
use of air in vegetation, coincide nearly with those 
which have been just related. He maintains, that 
plants die in nitrogen gas, but live and grow in oxy- 
gen, or in an artificial atmosphere composed of these 
two gases ; and, consequently, he infers, that the 
presence of oxygen gas is indispensably necessary to 
vegetation. He farther maintains, that this oxygen 
gas disappears, and is replaced by carbonic acid gas ; 
and that an atmosphere, rendered noxious to plants 
confined in it, is again made capable of supporting 
vegetation, by withdrawing the carbonic acid, an4 
adding to it oxygen gas, in place of that which ha^ 
been consumed. Experience, he continues, teaches 
us, that vegetation never takes place without forming 
jcjarbonic acid, as is proved by placing plants in pure 
px:ygen gas |. 
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259« But M. Senebier goes still* farther, and main- 
tains, that ithe carbonic add, which is thus formed 
by plants, when they are confined in closed vessels, 
does not proceed from the plant. It is, says he, 
mor^abundantly produced in the shade than in the 
light, and always, in both cases, when the heat is 
greatest. The atmosphere of such plants diminishes, 
and loses precisely the quantity of oxygen gas neces- 
sary to form the carbonic acid which we find ; so 
that this acid is necessarily composed of the oxygen 
which is exterior to the ptsmt, and of carbon that has 
escaped from the vegetable to unite with it. If, he 
adds, the carbonic acid had proceeded directly from 
the plant, the atmosphere would have been vitiated 
ivithout being changed, and the proportion of oxy- 
gen gas would still have been found in it, ^er its 
add gas ha#been removed by washing *. 

^860. In the year 1797, M. T. de Saussure pu- 
hfehed some experiments on the vegetation of plants 
in atmospheric air. He raised some garden peas (pi- 
mti sativum) in water, till they attained the height of 
between three and four inches. These plants were 
then put into a glass containing water, in which their 
It90ts were immersed. This glass was next placed 
on a saucer filled with water, and over it a recipient, 
containing 50 cubic inches of atmospheric air, was 
inverted. The apparatus was then set Hside in a 
room, but did not receive the direct rays of the sua, 
At the end of ten days, the plants had considerably 
increased in weight j the volume of air, in which 
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they were confined, was diminished one cubic inch 
and a half : its purity, also, was greatlf impaired $ 
^d it contained -rl? of carbonic acid. Experiments 
^lade with plants of mint, in the shade, afforded si- 
milar results ; but when the apparatus was exDOsed, 
for the same time, to the direct agency of the solar 
jrays, the air experienced no change, either in its 
purity or its volume. From these and other experi- 
ments, M..de Saussure concludes, that plants, like 
animals, continually form carbonic acid, when they 
vegetate in atmospheric air, either in the sunshine or 
in the shade ; that the oxygen of the air contributes 
to the formation of this acid ; and that the reason 
why carbonic acid is not detected in the apparatus 
exposed to the su^i, is, because it is then decomposed 
Sis fafibas it is formed *• 

261. In subsequent experiments, relating to vege- 
tation t, M. de Saussure directed his attention almost 
entirely to ascertain the influence of solar light in de»- 
composing carbonic acid. With this view heconi- 
^ned plants in mixed atmospheres of common aijr 
and carbonic acid ga$, and exposed the apparatus td 
the direct rays of the sun, whereby he obtained very 
different results. We shall, therefore, postpone our 
report of these experiments to a future occasion, obr 
serving, for the present, that the experiments related 
jiboye, accord entirely, in their results, with our own, 
and with those of other writers, respecting the effects 
produced in atmospheric air, by plants which vegcr 
fate in the shade. 
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262. To the experiments of Dr Woodhouse oti 
the vegetation of plants in atmospheric air, we have 
already referred (SO.), and have stated their general 
agreement with those which have now been related ^ 
He found that plants, confined either in atmospheric 
air or in oxygen gas, previously washed in lime wa- 
ter, rendered it impure, by forming carbonic acid. 
He farther asserts, that growing vegetables do not 
purify the air, but that the same effects are produced 
m the air by the growth of plants, as by the germi* 
nation of seeds, and from the same causes. He sup- 
posed, indeed, that the carbon, which united with the 
as^ygen^ was afforded, not by the living plants but 
by a dead portion of the leaves *• The facts, how- 
ever, which have been so fully stated, sufficiently e- 
fince that this acid may be foililed by the living, as 
well as by the dead, vegetable substance. 

263. From the series of experiments and opinions 
which has now been delivered, we see that all the 
acre distinguished philosophers, who have applied 
tfa^nselves to the investigation of this subject, with 
Ac smgle exception of Dr Priestley, agree in the fol- 
lowing general facts: That oxygen gas is, at all 
'times, necessary to vegetation ; that, in the shade, or 
•m perfect darkness, this gas constantly disappears, 
aad is replaced by carbonic acid ; and that, when the 
atmosphere contains no oxygen gas, vegetation no 
longer goes on* Even the experiments of Dr Priest- 
ley cannot be considered as opposing any serious ob- 
jection to these conclusions ; for though it were grant- 
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checks to their gtowth, that, lii our own climate at 
least, we could scarcely ever hope to see many of 
them attain to a state of maturity. 

266. Should we even allow, to the fullest exteht, 
that plants, vegetating under direct exposure to the? 
sun, produce changes in the air different from those 
which they produce in the shade, yet this, surely, 
does not disprove the correctness of our former ob- 
servation. It only proves, that, by a change of cir- ■ 
cumstances, a change in effect is induced ; and as this 
effect is not essential to the end we desire to ob- 
tain, it must be considered as extrinsic and acciden- 
tal ; for that condition can, at no time, be held ne- 
cessary to the production of a given effect, which 
may, at any time, with impunity be excluded. 

267* After what has just been observed concern- 
ing the changes induced on the air by vegetiiblesi 
growing in the shade, and in perfect darkness, it is 
almost superfluous to add, that similar effects must 
be produced by plants which vegetate through 
the night. Dr Priestley yery early observed, that a 
fresh cabbage leaf greatly deteriorated the air in 
which it was confined for a single night, although it 
had not acquired the least smell of putrefaction * ; and 
Ingenhousz likewise remarked, that the more vigo- 
rous the plants were, the more was the air affected. 
He found that a withered plant, confined in air 
through the night,- produced in it scarcely any change ; 
while a similar plant, in a state of active vegetation^ 
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diminished the oxygen gas of the air, and formed 
Carbonic acid *• Many facts of a similar kind afe to 
be met with in different parts of his work f- 

268. With the view of confirming these facts, we 
placed some young mustard plants in a jar containing 
40 cubic inches of atmospheric air. They were sup- 
ported on a small whalebone hoop, covered with 
netting, beneath which a small cup, containing wa- 
ter of potassa, was placed. The jar stood inverted 
in a saucer of mercury ; and at eight o'clock in the 
evening, when the temperature was 60° Fahrenheit, 
it was set aside in a dark room. By seven o'clock 
the next morning, the mercury had risen three- 
tenths of an inch into the jar ; and, on raising the 
jar and pouring diluted acid into the alkaline solu- 
tion, a brisk effervescence was excited, proving, in 
the usual manner, the conversion of the oxygen gas 
of the air into carbonic acid. In many subsequent 
observations on the vegetation of young beans in 
jars of atmospheric air, we likewise remarked their 
growth in the night, when the temperature was suf- 
ficiently high, to be little inferior to that which they 
make in the day ;— a fact which is exemplified equally 
in the warmer regions of the globe, where a rapid suc- 
cession of crops is obtained, and in high northern lati- 
tudes, where the short season of summer permits the 
intervention only of a few weeks between the pe- 
riods of seed-time and of harvest. 
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^69. All that has been hitherto said, with regard 
to the changes induced on the air by plants, beara 
an immediate reference to the agency of the leares^ 
and of other green parts, in effecting these changes^ 
But other parts of living vegetables produce^ likewise^ 
changes in the air, and these, in the next place, we' 
propose shortly to consider. 

270, Dr Priestley confined a fuU-blown rose in a- 
bout eight cubic inches of atmospheric air, contained 
in a small glass jar inverted in water. On exami^ 
ning the air the next day, by the test of nitrous gas, 
he found it to be much depraved j and, by the foK 
lowing day, it was still farther depraved, but the 
flower, when withdrawn on the third day, did not 
seem to have lost any of its fragrance *. M. Scheele 
found, that, by confining fresh roots, fruits, herbs, 
flowers, and leaves, in separate vessels of common 
air, one-fourth part of the air was changed, in a few 
days, into carbonic acid gas f. 

271. Dr Ingenhousz placed some flowers of mari-* 
gold (calendula) beneath an inverted vessel of atmos^ 
pheric air, and left them all night in his chamber.^ 
The next morning, a portion of the air was examined, 
and found to be incapable of supporting flame ; it suf^. 
fered, also, but little diminution when mixed with ni-^ 
trous gas. He then exposed the vessel, with tberemaia-' 
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ing part of the air, to the sun, for several hours, and 
found it, on examination, to be still more deteriora- 
ted. The flowers of honeysuckle produced similar 
eflfects, as did many others which he submitted t© 
experiment * ; so that flowers equally deteriorate 
the air in sunshine and in the shade. 

272. In his experiments on flowers, M. de Saus* 
sure found that none, not even those of aquatic 
plants, could be developed in nitrogen gas ; that the 
buds just ready to expand were suddenly checked, 
and those already developed speedily died. He con- 
riders flowers to displace in part the air that sur- 
rounds them, and to replace, by carbonic acid, the 
{K)rtion of oxygen which they consume. Those 
which are recently gathered, and confined in atmos- 
pheric air, do not sensibly alter its volume. The 

I 

f flowers which he employed did not suflfer during the 
experiments ; they had not lost their form or fresh- 

I ness, and many, which were only in bud, became 
fully expanded. The petals consumed more oxygen 
in sunshine than in the shade ; but he tried in vain 
to excite detonation in oxygen gas, in which he had 

I caused bunches of fraxinella to vegetate for eight 
days ; and he thinks, therefore, that the inflammation, 
^hich may be excited in the atmosphere of this, and 
of some other plants, is owing to the combustion of 
an essential oil, and not to that of hydrogen gas t* 

273. The changes thus induced on the air by the 
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tfotirefs of vegetables were supposed by t)r Dat^iii 
to be necessary to the elaboration and perfection of 
their sexual organs, and to the production of fruits 
Each petal of the corolla of a flower has, according 
to him, a vessel which conveys its juices to the extre-* 
mity, where they undergo a change of colour, as is 
seen in some party-eoloured poppies. Prom the ex- 
tremities of the petal, the juices are again returned^ 
as in the leaves, by other vessels, and employed for 
the sustenance of the stigma, anthers, &c. This of- 
fice of the petals may be inferred, he adds^ from their 
vascular structure being visible to the eye; from many 
plants putting forth their flowers in autumn, before 
any leaves appear ; and from others completing the 
process of impregnation early in springs before their 
green foliage, or even their floral leaves,, come for- 
ward ; lastly, from the white petals of the christmas 
i*ose (helleborus niger) changing to a deep green af- 
ter the seeds have grown to a certain size, and the 
nectaries, stamens and stigma have dropped off, — ^facts 
which shew, that the first structure was necessary to 
the production of the honey, wax, and pollen, but 
was no longer required after these were formed *. 

274. With respect to fruits, Dr Ingenhousz ol>. 
serves, that, whether they were ripe or unripe, whe^ 
ther exposed in sunshine or placed in the shade^ 
they always vitiated the air in whicb they were confiii. 
ned. His experiments were made on peaches, lemons, 
pears and apples, and the results were invariably the 
samet* M. de Saussure, however, found, that 
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green sour grapes, while growing on the vine, and 
exposed to the sun in closed vessels, ameliorated 
common air without producing carbonic acid, and 
ripened in fifteen days ; but when the vessels contain- 
ed lime, they vitiated their atmosphere, in the same 
circumstances, and did not ripen. Grapes, apples, 
and pears, when separated from their respective trees, 
and placed in vessels of common air exposed to the 
sun, have vitiated their atmosphere in twenty-four 
hours, and produced carbonic acid ; and when the 
q^periment was made in perfect darkness, the acid 
produced was equal in bulk to the oxygen that had 
disappeared *. 

275. Many experiments on the fresh roots of se- 
veral plants were made by Dr Ingenhousz, who 
found them, in like manner, to deteriorate the air t ; 
but as the roots were all immersed in vessels filled 
with water, these experiments are not so unexcep- 
tionable as those which he made on flowers. He 
elsewhere observes, however, that if a carrot, or the 
root of any other plant, be drawn fresh from the 
earth, and exposed, with itiglpaves, in a vessel of 
common air to the sun, the air will soon be manifest- 
ly deteriorated ; but if the root be placed under wa^ 
ter, and the foliage only be left in the air, the deterio- 
ration produced by the root will soon be repaired 
by the leaves |. 
^ 276. But the most precise information on this 
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branch of the subject is afforded by the experiments of 
M, de Saussure. He observes, that a small portion 
of oxygen gas exists in the earth, and he was desi- 
rous to know whether the contact of this gas with 
the roots of plants was useful to vegetation. He 
therefore took several tubulated recipients, and, fill- 
ing them with distilled water, set them to stand in 
separate basons of mercury. Having then drawn 
some young chesnut trees out of the earth, he put 
the roots of one tree through the mouth of each 
vessel, so that they should be entirely in the vessel, 
while the leaves were in the open air ; the mouth of 
each vessel was then carefully closed by a lute ap- 
plied CO the stem of the plant. Through the bottom of 
each recipient, a given quantity of gas was next in- 
troduced, which caused the water to fall, until the 
extremities only of the roots were immersed in it, 
while their greater, part was exposed to the imme- 
diate contact of the gas employed. 

277. In this manner he exposed the roots to ni-. 
trogen, hydrogen, an4 carbonic acid gases, and like- 
wise to atmospheric mg. The plants, whose roots 
were in contact with carbonic acid gas, died a- 
bout the seventh or eighth day; those which 
had their roots exposed to nitrogen and hydrogen 
gases died at the same time, which was about the 
thirteenth or fourteenth day : while three separate 
plants, whose roots vegetated in contact with atmos- 
pheric air, were still vigorous at the expiration of 
three weeks, when an end was put to the experiment. 
He adds, that the nitrogen and hydrogen gases suf- 
fered no change, but the bulk of air was increased by 
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the addition of carbonic acid furnished by the roots ; 
while the atmospheric air was diminished from the 
attraction of the carbonic acid, either by the 
roots themselves, or by the water. From these 
experiments, and from other considerations. M. 
de Saussure concludes, that the contact of oxygen 
gas with the roots of plants is useful to vegeta-p 
tion*. 

278. Lastly, M, de Saussure confined the woody 
stems of plants, immediately before the appearance of 
their buds, in vessels of common air, with sufficient 
water to carry on their growth, and they came into 
leaf like those in the open air ; but in nitrogen arid 
hydrogen gases they were unable to make this deve- 
lopment, and perished without exhibiting any sigu 

. of vegetation. When deprived of their leaves, the 
ligneous stems of plants vitiate common air, either in 
sunshine or in the shade, without changing its vo^ 
lume ; and replace, with an equal bulk of carbonic 
acid, the oxygen gas which they make to disappear. 
The stems of the willow, the oak, the poplar, the ap- 
ple and the pear, were employed in these experi* 

9 

ments. 

279. These effects which the flowers, the fruits, 
the roots, and the stems of plants produce in the air, 
at all times, and in all situations, accord completely 
with those which the leaves and other green parts of 
vegetables produce in the shade, since they all, more 
or less, convert the oxygenous portion of jthe air into 
an equal bulk of carbonic acid. These facts afford, 
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therefore, additional evidence of the power of the 
vegetable to produce this specific change in the air, 
and shew that, with respect to these part^ at least, it 
is the natural eflfect of vegetation. As, however, 
carbonic atid is thus, at all times, produced by these 
several parts of plants ; and as all the green parts 
have likewise been shown to produce a similar effect 
in the shade ; it is evident, that, if a contrary effect 
arise when the green parts are exposed to the rays of 
the sun, it must proceed from the peculiar agency of 
the sun upon those parts alone. We proceed there- 
fore, in the next place, to investigate the changes in- 
duced on the air by the leaves and green parts of 
living vegetables, when exposed to the direct agency 
of the solar rays. 



3ect. II. Of the Vegetation of Plants in Sunshine. 

280. In our former publication we were led, by 
the results of our own experiments, to consider the 
consumption of oxygen gas, by living plants, as th^ 
natural and necessary effect of vegetation ; and this 
conclusion has, we presume, been abundantly con- 
firmed by the additional facts and circumstances which 
have just passed under our review. But the opinion, 
which maintained the production of this gas by grow- 
ing vegetables exposed to the sun, appeared so di- 
rectly opposed to these views, that we were induced 
to question the accuracy of the facts, and to combat 
the correctness of the reasoning on which it rested ; 
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and while, in certain circumstances, we admitted (45.) 
this production of oxygen, we denied (46.) that it 
either was or could be considered a necessary func- 
tion of vegetation. A more extended inquiry into 
the original facts, together with the additional light, 
which the late researches of M. de Saussure have 
afforded, have contributed to raise our view of the 
importance of this subject ; and therefore, in the 
present section, we have submitted it to a fuller and 
more distinct discussion. 

281. On several occasions, we have already al* 
luded to the operation of light in modifying the chan-p 
ges which living vegetables produce in the air ; and 
we have also noticed the remarkable influence which 
it exerts in the production of the colours of plants. 
As we now propose to enter more fully into the na- 
ture of its operation on the vegetable kingdom, we 
$hall briefly recite such additional facts and observa- 
tions, relating to its more general effects, as have 
since come to our knowledge. 
, 282, We before ascribed (25.) to M. du Fay the 
first observation respecting the direct agency of light 
in changing the colours of plants ; but a more ex- 
tended inquiry has taught us, that we must go much 
farther back to collect the first notices which relate 
to this subject. According to M. Senebier, Aristo-f 
tie, in his theory of colours, remarks, that when wa- 
ter and the solar rays act togeth' r on plants, they 
produce a green colour ; and, in conjunction with 
earth, the sa.ae water produces whiteness. Hence 
all those parts of plants which lie benefath the soil, 
as roots and bulbs, appear white, while iVve '^^X.^v 
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which are exposed to the sun, exhibit a green co- 
lour *. 

283. The celebrated Ray possessed still clearer 
notions on this subject. He remarked that plants 
continued green while they vegetated under a glass 
bell exposed to the light ; but when the light was 
excluded, by covering them with an opaque vessel, 
they lost their green hue, and acquired a whitish yel- 
low colour. Their stalks, at the same time, became 
long, slender and feeble, and their leaves small. The 
cause of the green colour he, therefore, rightly ascri- 
bed to the direct agency of light, rather than to that 
of heat or air t* 

284. These experiments were carried much far- 
ther by M. Bonnet, who caused peas and beans to 
grow in glass tubes, when their colour was not af- 
fected ; but in boxes, when the light was completely 
excluded, the plants became white. Even in wooden 
cases, however, the plants exhibited a green colour 
in particular parts, placed opposite to small perfora- 
tions which were made to admit the light. The ex- 
clusion of light, he adds, obstructs the development 
of the leaves, and promotes the elongation of the 
stem ; but neither want of air, nor a greater or less 
degree of heat, seemed to affect the degree of etiola- 
tion J. 

285. This philosopher farther discovered, that 
plants, which had become white by the exclusion of 
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light, recovered their green colour when the light 
was restored. Thus French beans, which were much 
etiolated, acquired, in 24 hours, a sensible green tint 
by exposure to day-light in summer ; but, in the 
dark days of autumn, they still retained their whitish 
colour, even when thus exposed. He also noticed 
the great exertions which vegetables make to expose 
their leaves to the action of the sun ; thus, a tuberous 
root, confined in a vessel where the light was par* 
tially excluded, made, in five weeks, eleven turnings 
or movements to follow it *. 

286. The red and purple, as well as the green 
colours of vegetables, and all the varied hues of 
flowers, seem, likewise, to owe their perfection to the 
agency of light. Dr. Grew remarked, that thqjse parts 
of the roots of plants, which remain under the soil, 
are generally white, while the parts exposed above 
ground are frequently coloured; thus the tops of 
aorrel roots are red, and those of turnips and radi- 
shes are sometimes purple. These changes in the 
colours of the roots, as well as the green colour of 
the leaves, and the different colours of flowers, he 
attributed to the action of the air t ; but the experi- 
ments of Mr Davy (25.) prove that the colours of 
flowers, as well as of leaves, depend immediately 
on the operation of light. 

287. The changes produced in the other sensible 
properties of plants, by the agency of the solar rays, 
were first remarked by Scheele, who considered 
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!ight to be decompounded in vegetables, and to as- 
sist in the formation of their resinous and inflamma* 
ble matter *. In the year 1774, Dr Robison ob- 
served, that the leaves of tansey, which had grown 
in a coal mine, and were white, affordefl no aromatic 
smell, when rubbed between the fingers ; but after 
they were planted in a place exposed to light, their 
white leaves died down, and fresh green sprouts shot 
up, which possessed the smell and all the other pro- 
perties of common tansey* He repeated the experi* 
ment with great care on lovage, on mint, and other 
plants. They all throve well in darkness, but with 
a blanched foliage, that had no resemblance to the 
ordinary foliage of the respective plants. When 
brought into day light, they all died down, and the 
stocks then produced the proper plants in their usual 
dre^ss, and having all their distinguishing smells f. 

2S8. After these general remarks on the agency 
of light in producing the colours, and otherwise 
changing the sensible properties of plants, we proceed 
to consider its power in modifying the qualities of the 
atmosphere, in which vegetables are made to grow. 
From the history of facts already given (243.), it ap- 
pears that Dr Priestley first advanced the opinion, 
tjiat plants, in certain circumstances, purified the ain 
This effect he considered to depend on the vegetating 
state of the plant ; but as, on most occasions, he has 
omitted to state whether his experiments were con» 
(ducted in sunshine, or in the shade, it cannot be sai4 
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that he was, at all times, fully aware of the import 
tance of the agency of light. In many instances, how* 
ever, he has duly remarked it- Thus, for exam* 
pie, in his experiments on the green matter that forms 
on the sides of vessels filled with stagnant water, he 
asserts that the pure* air is never produced in the 
shade, but only under a direct exposure to light ; 
and no degree of warmth, he adds, will supply the 
place of the sun's rays. He farther observed, that 
the water, which contained most carbonic acid, af* 
forded oxygen gas most abundantly ; and that this 
gas was entirely dissipated by the action of the sun, 
leaving a residue of pure oxygen. When the glass 
vessels, containing this matter, were exposed to the 
Sttn, and were in the act of yielding pure air most 
abundantly, he found that the process ceased entire- 
ly, if he intercepted the solar rays by covering the 
vessels with black wax, or by removing them into a 
dark room *. These facts clearly demonstrate the 
power of light in the development of oxygen gas, 
*and likewise furnish evidence of the decomposition of 
carbonic acid by the operation of the same agent. 

289. The experiments of Priestley were proseciN 
ted by his illustrious contemporary Scheele, who, as 
we have already seen, (255.)could never succeed in his 
attempts to purify noxious air by vegetation, whether 
his experiments were conducted under exposure to 
the sun, or in the shade. The cause of uncertainty in 
the experiments of Priestley, and of entire failure in 
those of Scheele, is ascribed, by Dr Ingenhousz, to 
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the apparatus which they employed being placed in- 
differently in sunshine or in the shade ; or to their 
having suffered the plants to remain in confinement 
until they had lost their vigour or their life *• It must^ 
however, be observed, in justice to those philoso- 
phers, that they were both duly apprized of these 
circumstances, and conducted many of their experi- 
ments with an immediate regard to them. While 
therefore we admit, that the variation in the results of 
some of Priestley's experiments may have arisen from 
inattention to these particulars, yet the discordance 
between him and Scheele is, more probably, to be as- 
cribed to the different nature of the gases which 
they employed, in consequence of the precaution 
which the latter always adopted, pf first removing the 
carbonic acid from the foul air which he submitted 
to experiment. 

290. But certainly the experiments of M. Ingen- 
housz, both by their number and variety, have con- 
tributed, more than those of any other philosopher, 
to elucidate the subject of the purification of our at- 
mosphere by plants. In air that had been so far de- 
praved by respiration* as to extinguish a lighted can- 
die, he placed a plant of peppermint, and then ex- 
posed the vessel, for thr^e hours, to the sun, at the 
end of which time the air again supported flame. 
When, however, the common nettle was placed in a 
similar portion of respired air during the nighty the 
air was not at all improved ; but the apparatus being 
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afterwards exposed to the sun for two hours, the Mt 
was brought back to its original purity. He also 
found, that mustard plants, when confined in a ves- 
sel of common air through the night, rendered it im- 
pure; but that this same air, together with the plants, 
being the next morning exposed to the sun, was re- 
stored, in an hour and a half, to its former purity *. 
When, likewise, similar portions of the same respired 
air were confined in vessels with similar plants, and 
respectively placed in sunshine and in the shade, the 
air, exposed to the sun, recovered its purity in a few 
hours, while that, placed in the shade, was rendered 
more impure than before. He repeated these com- 
parative experiments a great many times, and varied 
them in different ways, until there remained not the 
least doubt, but that it was to the light of the sun 
that the purification of the air was owing, and to the 
absence of this light, that the opposite effect was pro- 
duced t« 

291* Dr Ingenhousz next made experiments on 
^ that had been vitiated by the burning of a com- 
mon candle, suffering the carbonic acid which it con-^ 
tained to remain in it. With this air he filled three 
bell glasses of the same size, and introduced into 
each glass some plants of young mustard. One of 
the glasses he exposed to the sun at mid-day; 
another he placed in the shade ; and the third was 
removed to a place of perfect darkness. 1 he next 
morning, before the sun had again shone on the 



• Exper. torn. i. p. 263. 265. 
f Exper. &c. torn. ii. pref, p. 31. 



64 

plants^ he examined the air of the first glass, and 
found it to be considerably vitiated, and to contain 
a little carbonic acid, which he ascribed to the noc- 
turnal effect of vegetation j while the air, im the two 
other glasses, contained one-fifth of acid, and was 
greatly more vitiated. Similar experiments were 
made on three diSerenC portions of common air, 
and with nearly the same results *• In the shade, 
he adds, plants deteriorate the air as much as in per- 
fect darkness, although the colour, which they as* 
sume in darkness, differs much from that which 
they acquire in the shade ; for, in the latter, they re- 
tain their verdure, while, in the former, they become 
white or yellow t- 

292. Besides these experiments on the power pos« 
sessed by plants of purifying the air vitiated by the 
several processes of respiration, vegetation, and com- 
bustion, Dr Ingenhousz made various others with 
the leaves of plants immersed in water, and exposed 
to the light of the sun. From these experiments, he 
was led to conclude, that plants not only correct im- 
pure air in the space of six days or more, as Priest- 
ley's experiments seemed to indicate, but that they 
perform this important office in a very few hours ; 
that this operation is not owing to vegetation, but to 
the influence of the solar light on plants ; that plants 
possess the power of giving out, in a pure state, the 
air which they contain and have derived from the 
atmosphere ; that this operation commences some 
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time only after the sun has gotten above the horizon, 
is more or less vigorous in proportion to the clearness 
of the day, and the situation of the plant to receive 
the direct rays of the sun, and is suspended entirely 
during the darkness of the night ; that plants, in the 
shade, do not ameliorate the air, but render it more 
noxious; that the leaves, and green branches and stems 
of plants alone perform this ofHce of purification ; and 
that acrid, offensive, and poisonous plants act in the 
same manner as the most sweet and salutary ; that 
the pure air proceeds chiefly from the inferior sur- 
fece of the leaves, and that young leaves do not fur- 
nish so much of it as those which have acqui- 
red their full size and vigour ; that some plants yield 
purer air than others, and that aquatic plants par- 
ticularly excel in this respect ; and, lastly, that the 
am does'not possess the power x)f improving the qua- 
lities of atmospheric air without the concurrence of 
plants. These conclusions were drawn from the re- 
sults of more than 500 experiments, made between 
the months of June and September *• 

293. Of this great number of experiments, how- 
ever, almost all were made with the leaves after they 
were separated from the branches, and immersed in 
glass vessels of water. Dr Ingenhousz says, that 
this mutilation does not vary the result ; for when he 
passed the pliant branches of vegetables, whose roots 
remained in the earth, into jars of water, the same 
phenomena were exhibited ; and therefore, he after- 
wards used the leaves and cut branches as being most 
convenient f. And with respect to immersion in wa^ 
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ter, he does not consider it so foreign to the nature, 
of vogc'tables as to derange their functions. Many 
plants, he observes, will vegetate a long time, al- 
though covered entirely with water, and aquatic 
plants live continually in it. In fact, the water, ac- 
cording to him, only intercepts the communication be* 
tween the plant and the atmosphere ; and though it 
prevents the plant from receiving any thing from the 
ah*, it does not put any obstacle to the discharge of 
what it contains *. 

294. These ideas may, to a certain extent, be cor* 
rect. M. Bonnet has shewn that the leaves-of vari- 
ous plants, when separated from their branches, con- 
tinue fresh several weeks, and, in some instancra, 
even months, when their surfaces are laid on water* 
In some cases, the e:^periment succeeded best when 
the upper surface of the leaf, and in others, when 
the under surface, was applied to the water f. It may 
be doubted, however, whether leaves continue fresh 
so long when they are completely immersed, since 
the means of evaporation are then cut off, and con- 
sequently tl^e water received must remain stagnant 
in the leaf. In the greater number of Dr Ingen- 
housz's experiments, however, the process continued 
only a few hours, and the leaves, therefore, though 
unable to vegetate, may be still considered as pos- 
sessing life. 

295. The employment of water is farther objection- 
jible, because it not only removes the vegetable from 
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its natural situation, but places it in circumstances 
where the external air is entirely excluded. The 
existence of aquatic plants under water is no proof 
that terrestrial ones are able to support a condition 
so unnatural to them ; for the structure in each may 
be very different which enables them to live and 
flourish in situations so very dissimilar. Thus we 
know that the leaves of the ranunculus aquaticus, 
which float on the surface of the water, have a flat 
and expanded form, while those, which are entire- 
ly immersed, exhibit a roundish and filamentous 
figure. 

296. But it is another objection to these experi- 
ments, that they bring many new sources of fallacy 
into view, which greatly embarrass the original ques- 
tion ; since it is not easy to determine how much of 
the air is furnished by the water itself, and how 
niuch by the vegetable immersed in it. These, accor- 
dingly, have been pointy much disputed among those 
who have made experiments on the subject. We pre- 
fer, therefore, those experiments of Dr Ingenhousz 
which we have before detailed (290. 1.), as affording 
the best evidence adduced by him of the purification 
of the atmosphere, by plants exposed to the sun. 

297. In these experiments, the air, vitiated by re- 
spiration and combustion, appears always to have con- 
tained carbonic acid, at least no notice is given of 
this acid having been previously removed. Farther, 
Dr Ingenhousz supposed plants to possess the singu- 
lar property of converting carbonic acid into respira- 
ble air, when exposed to the sun ; and he asserts, 
that if they are confined in mixtures of comnxoii ^ 
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and carbonic acid, and exposed to the solar infiu* 
ence, this acid gas will be changed into an air insolu* 
bk in water *. Lastly, we may add, that the rapid 
manner in which the purification of the air is stated 
to have occurred in the experiments of Dr ii.gen- 
housz, effectually excludes the idea of the oxygen 
gas being derived from decomposition of the vegeta- 
ble substance. 

^29S. M. Senebier instituted, likewise, a grea* num- 
ber of experiments to prove the production of oxy- 
gen gas by plants, exposed to the direct rays of the 
sun. Almost all of them were, however, made by 
immersing leaves in water, previously impregnated 
^vith carbonic acid ; and they do not apply, there- 
fore, directly to the present question. In one instance, 
indeed, he placed a branch of raspberry tree, having 
its end dipped in water, in a recipient filled with 
common air, arid inverted in water. The recipient 
was then exposed, through the day, to the direct in- 
fluence of the sun. The air at first, when examined 
by nitrous gas, was reduced to 1 .04, and at the close 
of the experiment, when again tried, it was reduced 
to 1 .00 ; so that, if the method of analysis be deemed 
correct, it had experienced some improvement. 

299 M. Senebier considers the agency of the sun 
to be indispensable to the production of the oxyge^ 
gas which leaves afford, when confined either in wa- 
ter or in air ; and this operation of light, he adds, is 
continued through the winter, by those plants which 
retain their verdure. He has seen mosses, when pla- 
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ced undet water and exposed to the sun, afford pure 
air, when the temperature was many dt'grees below 
zero ; and many evergreens, under similar circum- 
stances, are always able to afford it. In every case, 
he believes the oxygen to be derived from the de- 
composition of carbonic acid, which he supposes to be 
eflFected in the leaves by the affinity of light for oxy- 
gen ; and the oxygen produced is^ he adds, always 
proportional to the quantity of carbonic acid thar is 
present. He denies that oxygen is ever derived 
from the decomposition of water ; for in boiled water, 
which contains no carbonic acid, plants do not afford 
oxygen, while in waters impregnated with this acid 
gas, they yield it most abundantly. Neither is the 
oxygen furnished solely by the leaves, independently 
of light, since it is not obtained from them when the 
apparatus is placed in the shade *• From these facts 
we collect, that the presence of carbonic acid is ne- 
cessary to the production of oxygen, which can be 
furnished only by the decomposition of chis acid gas 
through the joint agency of the plant and of solar 
Kght. 

300, In 1779, Mr Davy made some experiments 
with the view of discovering the origin of the oxy- 
gen gas which vegetables, in certain circumstances, 
seem capable of aflfording. He introduced a >mall 
plant of arenaria ttnuiioliay growing in a pot of 
moist earth, into a jar containing 14 cubic inches of 
carbonic acid. The jar was inverted in mercury, 
and exposed to the solar rays, for four successive 
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days of fine weather in the month of July. The 
plant, at this period, looked well and healthy ; tlie 
mercury had risen considerably into the jar ; and on 
examining the gas, there was a deficiency of 2.0 
of a inch. After removing all the carbonic 
acid by an alkaline solution, the remaining ga» 
measured two cubic inches, and proved to be oxy- 
gen. This experiment he repeated two or three 
times on different plants with similar results. 

301. That the oxygen, obtained in these experi^ 
ttients, did not proceed directly from the vegetable, IVfr 
Davy ascertained, by having, at the same time, kepi 
another plant, in all circumstances exactly similar, in 
a jar of nitrogen gas. The diminutic^i of bulk in 
this gas did not exceed i^ of an inch } and -^ mcsre 
Were abstracted by the hydro-sulphuret of potassa^ 
which he considered to be oxygen formed from Ae 
decomposition of the water of the plant *. 

302. Mr Davy having thus ascertained the £sict of 
the decomposition of carbonic acid, ne&t made expe-r 
timents to prove that plants,, by their own powers^ 
independently of the agency of lights were imable ta 
effect this decompo^tion. He placed a small plant 
of chironcea centaurium in a jar of pure carbonic 
acid inverted ia mercury, and then set it aside in a^ 
dark closet. At the end of four days, the air had 

. diminished a littte, and the plant looked sickly. The 
air was now e:3tamined ; and after the carbonic acid 
was removed, there remained only a small portion of 
an incombustible gas. 



* Beddoes' Contributions to Science, p. i5^; 
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303. As in the preceding experiment, the plant 
was unable to decompose carbonic acid without the 
add of light, so likewise he found that light, by it* 
self, was alike insufficient for this purpose ; for no 
alteration was effected in this acid gas, though ex- 
posed, for any length of time, to the action of the 
solar rays *• It follows from the foregoing sei*ies of 
&cts, that neither the power of the plant alone, nor 
the agency of light alone, is able to decompose car- 
bonic acid, but that its decomposition is effected by 
the power of the plant, in concurrence with the direct 
agency of the solar rays. 

S04. Dr Woodhouse exposed the leaves of nine 
different plants in separate vessels of atmospheric air, 
mixed with about A of carbonic acid, to the light 
of the sun for seven hours ; at the end of which 
tiin^ he found that, the acid gas had disappeared, 
and the atmospheric air was greatly increased in 
purity. When the air was previously vitiated by 
. carbonic acid, formed by the putrefaction of a fun- 
gus, he found it to be restored to a great degree of 
purity by fresh leaves exposed to the sun j but when 
HBilar leaves were kept in air through the nighty 
carbonic acid was always produced, and the purity of 
the air thereby diminished. He maintains, as Sene- 
bier had before done, that oxygen gas is never pro- 
duced by plants, unless carbonic acid previously ex- 
ist in the air ; and he ascribes the production of oxy- 
gen gas, in Priestley's experiments on vitiated air, to 
the pre-ezistence of carbonic acid in it f • 
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iOS. The last author wha has directed his tftfefP 
tlon to the effects produced in the air by living plantsv 
exposed to the direct influence of the sobr rays, is 
M. T. de Saussure, in his elaborate treatise oa 
vegetation, to which we have already so frequently 
referred. In many examples, however, atmospheric 
air does not seem to have experienced any ameliora^ 
tion ; w hich accords with the observation of Senebier 
and Woodhouse, that plants do not, even in sunshine, 
sensibly improve the atmosphere, unless it previously 
contain carbonic acid* M. de Saussure found, that 
three young peas, about 4 inches high, placed in 54> 
cubic inches of piare atmospheric air, and exposed^ 
from five to six hours a day, to the direct rays of the 
sun for ten days, in which time they increased in 
Weight eight grains each, had not sensibly changed 
either the purity or volume of their atmosphgre •• 
When the atmospheric air was previously washed ia 
Kme water, to free it from the carbonic acid naturally 
present in it, the same results were obtained. After 
five or six days direct exposure to the sun, the air 
remained unchanged, both in purity and in volume^ 
though the plants continued sound and vigorous^, in 
all their parts t» 

306. Similar results were aflforded by phnts of 
^virtta minor ^ placed in 290 cubic inches of atmosphe- 
ric aur; and exposed, six hours a day, for six days, lo 
the light of the sun j at the end of the experiment, 
the plants were found to have suffered no alteration, 
nor to have*produced any change either in the purity 

magssssssBSsssssssA 
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W the volume of the air. In the same manner, the 
Itmospheric air, in which two plants of mentha aqua* 
tka had grown for ten days, and been exposed six 
hours each day to the rays of the sun, experienced 
too change either in its purity or its volume. The 
lythrum mlicaria^ vegetating for seven days, under a 
similar exposure to the sun's rays, produced no change 
in the volume or composition of its atmosphere ; and 
M. de Saussure adds, that he could not be mistaken 
in the measurement of the volume of air more than 
one-fourth of a cubic inch. The piniis genevenm 
and cactus opuntia^ placed in the same circumstances, 
Were likewise found to produce no sensible change 
in the purity or volume of their atmosphere *. Hence 
We learn, that, when plants are confined in given 
]>onions of air, and placed alternately, for several 
days, in simshine and in the shade, they neither vitiate 
^or improve the atmosphere in which they are made 
to grow# 

S07* But we have before seen, that, in the shade, 
plants, by their growth, uniformly convert the oxy- 
gen gas of the air into carbonic acid, and such con- 
Version, we have argued, is the natural and necessary 
effect of vegetation. If, therefore, no acid be found 
^tl the air, when the process takes place in sunshine, 
either that gas cannot, under suck circumstances, 
Have been formed in vegetation, or, if it has been 
formed, it must at once have been reconverted into 
Oxygen gas by the agency of the solar rays. Now 
^ince, in these experiments, the plants actually grew; 
^ince oxygen gas is necessary (30.) to vegetation, and 
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is, by that process, converted Into carbonic acid, such 
conversion must have occurred while these plants 
were kept in the shade ; consequeQtly, although no 
carbonic acid was found in the vessels after they had 
been exposed to the sun, its non-appearance is not to 
be received as proof against its formation in the shade, 
but only of its reconversion into oxygen gas under 
exposure to the sun. 

308. This inference is completely borne out by the 
results of experiments related by M. de Saussure. 
He confined plants in vessels of atmospheric air, from 
the top of which he had previously suspended a por- 
tion of lime ; and then placed them to vegetate in 
sunshine. On the second day, the atmosphere wag 
diminished in volume ; and on the fifth day, the air 
was examined and found to be much d^raved : it 
contained only m of oxygen gas, and^o sensible 
quantity of carbonic acid. This experiment he re- 
peated many times with different plants, and always 
vnth similar results. We see, by these experiments, 
says M. de Saussure, that there had been an attrac- 
tion, and consequently a formation, of carbonic acid ; 
and we observe also another remarkable fact, name- 
ly, that plants, even in sunshine, produce, with the 
oxygen of the atmosphere, pure carbonic acid. It is, 
therefore, only:t>ecau5e they decompose it, after ha-* 
ving formed it, that they do not, like animals, vitiate 
the atmospheric air in which they are made to grow *rf 
' Hence then we learn, that, in sunshine as well as in 
the shade, plants, by their growth, naturally convert 
the oxygen gas of the air into carbonic acid. 
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309. That vegetables, however, with the aid of 
the solar rays, also possess the power of decompo- 
sing this acid, and reconverting it into oxygen gas^ 
se^ns sufficiently established by the numerous facts 
afa^ady stated : and various experiments, related by 
M. de Saussure, abundantly confirm the same posi- 
tion. He found, as Drs Priestley and Percival had 
long before done, that plants would not, even in 
sunshine, vegetate in pure carbonic acid. If their 
atmosphere contained two-thirds or three-fourths of 
^s gas, it was alike £atal to them. They vegetated 
seven days in an atmosphere containing one half its 
Tolume of carbonic acid ; ten days in one which con- 
tained one-fourth ; and when it contained one-eighth, 
they hav-e acquired nearly as great a weight as in 
atmospheric air. Lastly, when only one-twelfth of 
carbonic acid was present, the plants, he says, have 
increased in weight, and prospered better than in 
■pure atmospheric air *. In the shade, the smallest 
quantity of carbonic acid, added to common air, is 
injurious to vegetation. The plants have died in six 
days, when it constituted one-fourth of their atmos- 
phere } and even when it was only one-twelfth, their 
vegetation has been feeble, and their increase of 
weight smalL In all cases, oxygen gas, he adds, 
tnust be present ; for if a small portion of carbonic 
add be added to pure nitrogen gas, plants die in it, 
even though exposed to the sun f. 

SIO. Having thus ascertained the general effects of 
caji^bonic! acid on vegetation, he proceeded to make 



* Rechercbes, p. 31. 
I /bid. p. 33. 



direct experiments on its operation, when introduced 
in small quantity, and exposed to the influence of 
the solar rays. He procured seven plants of viuea 
minor J each about eight inches high, and placed them 
in an artificial atmosphere of 290 cubic inches, 
composed of common air, mixed with Yoo °^ carbonic 
acid. The roots of the plants were immersed in a 
little water, and the vessel that contained them was 
inverted in mercury, covered by a thin film of water^ 
to prevent its noxious operation on the plants*. 
This apparatus was exposed six hours to the direct 
tays of the sun, for six days. On the seventh day, 
the plants were withdrawn, and had undergone no 
alteration : the bulk of air had not apparently in- 
creased nor diminished: neither did it exhibit anj 
sign of containing carbonic acid, when washed with 
lime water. To make up, however, for the 21. ^S 



* M. de Saussure observes, that this effect of mercury on vege- 
tables was first noticed by the Dutch chemists, and he found it 
always to operate when the experiment was continued for any 
length of time. In one instance, where we had confined some 
willow slips standing in the shade, in a small bottle of water un- 
der a jar of atmospheric air, inverted over mercury, the leaves, ia 
two days, were changed to a dark brown colour, and by the third 
day were quite black. This blackness extended through their 
substance, and they easily separated from the stem, though thej 
had no putrid smell. The air did not contain any sensible quan- 
tity of carbonic acid, and afforded neaily its full proportion of oxy- 
gen. It was not in the least altered in bulk, for only a small glo-. 
bule of mercury, not bigger than a pin's head, had gotten withi^ 
the jar, and the lowest part of the leaves was more than threo 
inches above it, which was the height of the phial, in which the 
tegetables were placed. 
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cubic inches of carbonic acid originally present, but 
which had now entirely disappeared, the atmosphere 
was increased by 14.75 cubic inches of oxygen gas, 
and seven cubic inches of nitrogen, which, together, 
supply exactly the bulk of the carbonic acid lost *. 
Similar experiments were made with plants of mtntha 
oquatica^ lythrum salicarta^ pinus genevensis^ and 
cactus opuntia^ and nearly with the same results ; the 
carbonic acid having, in all cases, more or less com- 
pletely disappeared, and its place being supplied by 
nearly an equal quantity of oxygen, with a small 
portion of nitrogen gas !• 

311. The foregoing experiments seem to afford 
undeniable evidence of the decomposition of carbonic 
add by growing vegetables, when they are exposed 
to the direct rays of the sun, since not only did this 
acid uniformly disappear, in circumstances where no 
substance was present, which could attract or com- 
bine with any considerable portion of it, but a large 
volume of oxygen gas was produced, without the 
vegetables having undergone any change, by which 
they can have been rendered able to supply it. That 
this superabundant oxygen did not proceed from the 
decomposition of the plant, or of the water which it 
contained, is farther proved by the results of the ex- 
periments (305.), made in pure atmospheric air. 
These experiments were purposely made at the same 
time, with similar plants, and under the same cir* 
f umstances ; and yet, as we have seen, no absolute 
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addition of oxygen gas was made to the atmosphere 
in which the vegetables grew, but both its volume 
and composition remained permanently ihe same. 
Even if decomposition of the vegetables had taken 
place, we do not know that they could have directly af- 
forded pure oxygen gas ; but we do know that this gas 
is furnished by them in union with carbon ; so that the 
existence of an additional quantity of oxygen, in such 
circumstances, would have afforded equal evidence of 
the decomposition of carbbnic acid, by the agency of 
solar lights 

3 1 2. But not only by the direct rays of the sun, 
but without the intervention of a strong light, it is 
probable, says M. de Saussure, that plants, growing 
in atmospheric air, decompose a part of the^ carbonic 
acid, which they themselves form out of the sur- 
rounding oxygen gas, although the fact be not sus- 
ceptible of direct proof. Marsh plants, as the poly^ 
gonum persicaria and the ly thrum salicaria^ yielded 
oxygen gas by a weak and diffused light, when con- 
fined in an atmosphere of nitrogen * : and different 
species of epibbium vegetated a long time, and grew 
as well in pure nitrogen gas, as in common air, 
though exposed only to a weak light, or protected 
from the direct action of the sun. The nitrogenous 
atmosphere, at the end of two months, was increased 
in bulk, and contained t^ of oxygen gas. When 
similar plants were confined in pure nitrogen gas, and 
kept in perfect darkness, though they were renewed 



* Recherch^s, p. 54, 



every twelve hours, lest their vegetation might lan- 
guish, yet they produced no oxygen gas, but aug- 
mented their atmosphere, by a quantity of carbonic 
add*. 

SIS. Even in perfect darkness, continues M. de 
Saussure, some plants would seem to possess the power 
of decomposing carbonic acid. He confined plants 
of peas and of salicaria, in two equal recipients of at- 
mospheric air, and set them aside in a place perfect* 
ly dark. One of the recipients contained a portion 
of lime or potassa, while the other held the plants on« 
ly : in both vessels, the plants were daily renewed. 
At the end of four or five days, the air, in both reci- 
pients, was vitiated ; and in several repetitions of the 
experiments, he constantly found that the air of the 
vessel, which held the lime or potassa, contained less 
oxygen gas, than that of the vessel which had no al- 
kali. This difference, it is added, may be presumed 
to arise from less acid being present for decomposi- 
tion in the vessels, which contained the alkali, than 
existed in the recipients which held no alkaline sub- 
stance f. 

314. We have already stated (25.) that artificial 
light changes the colour of plants in a manner simi- 
lar to that of the sun. M. DecandoUe found, that 
various plants, raised from seeds in a yault lighted 
by lamps, became green both in their stems an4 
\ leaves, nearly like those which grew in the open air. 
He confined also the leaves of various plants in in- 
verted glass vessels of water, and placed them in d, 
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Vault illuminated by six lamps, which aflforded light 
equal to fifty ordinary candles. For the first twenty- 
four hours, no air was afforded, but at the end of 
that time it collected in considerable quantity ; and^ 
on being analysed by M. Vauquelin, was found to 
consist principally of nitrogen and carbonic acid^ 
with only tJt of oxygen gas *. These experiments 
shew, that though artificial light renders vegetables 
green, yet it is not sufficiently powerful to decom- 
pose carbonic acid in plants, at least in any cond- 
derable quantity ; and in this respect, therefore, it re- 
sembles, in its operation, the effects of a weak natural 
light. 

315. The probability of the decomposition of car- 
bonic acid by plants, growing in a weak light, is sup- 
ported by many facts, which seem otherwise incapable 
of explanation. The germination of seeds we have 
seei:i to produce a considerable consumption of oxy- 
gen ; and it might, therefore, be naturally expected 
that plants should continue to affect the air at least 
in an equal degree. The changes, however, effected 
by plants in a state of full growth and vigour, on 
the surrounding air, says Mr Murray, are much less 
than have been imagined, and, when supplied merely 
with water, they are so inconsiderable as not to be 
very perceptible. Hassenfratz, he continues, inclosed 
growing plants in atmospheric air for a month and a 
half or two months at a time ; and though the plants 
grew, the air remained unaltered in volume, and in 
the proportion of oxygen f. This slowness of change 
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in the air is remarked, likewise, by Dr Woodhouse, 
who says that a plant in perfect health, confined in 
atmospheric air, will live in it for a long time with- 
out producing any sensible change. In his experi- 
ments, many vegetables did not affect the air in five 
days ; some diminished its purity in three hours ; 
and others altered it in a most slow and gradual 
manner, causing little change in it in twenty days *• 
31 6, If, therefore, we compare this slow consump- 
tion of oxygen gas by plants, with its more rapid 
conversion by seeds, we must either suppose that 
plants require the aid of those advantages, derived 
from the air, in a degree infinitely less than seeds; or, 
what is more probable, we must believe that the ne- 
cessary changes, which their vegetation produces in 
the air, are, at all times, more or less counteracted 
hj some other office which they perform ; in other 
words, that the oxygen gas, which is converted into 
carbonic acid by the act of vegetation, is again re- 
stored, more or less completely, to the atmosphere, 
by some other process. This restoration we have 
seen to be actually made, and it now only remains 
that wtf endeavour to discover the manner in which 
it is carried on, and try to ascertain whether it be, or 
he not, executed by the proper vegetative powers of 
Ae plant. 



^ Nicholsorrs Journal, vol. ii# p. 152. 
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317. If we take a retrospective view of tlie c&V 
cumstances in which oxygen gas was produced in alC 
the experiments which have been now detailed, il 
will, we think, appear, that, conformably to the opi< 
nion of Senebier and Woodhouse, carbonic acid gaa: 
was always previously present. Thus, when Dr' 

• 

Priestley employed air that had been vitiated by re-* 
spiration, combustion or putrefaction, which for the 
most part contains carbonic acid, the air was ire^ 
quently much ameliorated and rendered capable o£ 
again supporting vegetable life ; but when he with- 
drew the oxygen gas of the atmosphere, by mean& 
which imparted to it no carbonic acid (247.), the^ 
plants never failed to die,. So, l&ewise, M. Scheete- 
was never able to render vitiated air pure, even hf 
exposure to the sun, because he previously abstract^' 
ed (247.) from it the carbonic acid which it contaiBw' 
ed. In the air, depraved by respiration and combua^ 
lion, which Ingenhousz employed (290. 1.), carbonic- 
acid seems always to have previously existed. The 
experiments and observations of Senebier (298. 9^)f 
and Woodhouse (304.) altogether tend to prove^ 
that oxygen gas is never afforded by the leaves oi 
plants, either in water or in air, unless carbonic acid^ 
be present ; and that the quantity of oxygen supplied 
is in proportion to the carbonic acid that disappears./ 
tastly, in the experiments of De Saussure we have 
seen, that, vi hen no carbonic acid previously existed 
in atmospheric air (305. )> no additional quantity of 
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oxygen was afforded* to it ; but that, when this acid 
gas was first mixed in certain proportions with the 
air, it constantly disappeared (310.), and the at- 
mosphere then contained a superabundant quantity 
of oxygen gas. The numerous and varied proofs of 
the decomposition of carbonic acid, afforded by the 
experiments of Priestley, Ingenhousz, Senebier, Da- 
rjj Woodhouse, and De Saussure, add great weight 
to the 'opinion for which we now contend, since they 
amount to demonstrative evidence, that carbonic 
acid is actually decomposed by the concurring ope- 
ration of the green parts of vegetables and of solar 
light. 

318. In what manner, then, does carbonic acid 
obtain admission into the vegetable, so as to be after- 
wards afforded by it in the form of oxygen gas ? It 
t well known, that this acid is readily attracted by 
vater, and is almost universally contained in it. Wa- 
ter, it is likewise well known, is absorbed by the 
roots and leaves of plants ; and that it carries air 
with it into the vegetable body, is established by nu- 
merous observations. Dr Hales remarked air bubbles 
to rise, very abundantly, in hot weather, from vege- 
table sap collected in tubes, so as to make a froth an 
inch deep at the top ; and when, also, the sap was 
placed in an air pump, it afforded, as the receiver 
was exhausted, great plenty of air bubbles *. Mr 
Knight found the sap, whether extracted from the 
tree near to the ground, or at a distance from it, al- 
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ways to contain a large pof tion of air * ; and M. 
Coulomb, on piercing an Italian poplar, observed the 
8ap to flow out abundantly, with a continued noise of 
air bubbles, which ascended and burst in the ori- 
fice t- ITiese bubbles M* Senebier found, in some 
cases at least, to be carbonic acid ; for if the clear 
sap of the vine was mixed with lime water, a white 
precipitate was formed, which could again be dissi- 
pated with effervescence by a few drops of nitric 
acid |. M. Vaucjuelin also, in his analysis of the sap 
of the elm, found it to contain lime, which was held 
in solution by carbonic acid, of which there existed s 
considerable excess in the sap ||. These facts, there- 
fore, afford sufficient evidence of the existence of thii 
acid gas in the sap of plants, and of its escape v^bei 
this sap comes into contact with the air. 

319. Besides the carbonic acid, which thus enter! 
the substance of the plant by the medium of water 
other gases, dissolved in water, in the same way gaii 
admission into the vegetable body. Thus, the expe 
riments of De Saussure seem clearly to prove, tha 
oxygen gas may, in this manner, be carried into the 
vegetable % ; and since nitrogen gas is likewise con 
tained, in a smaller proportion, in water, it may hi 
presumed, that, by a similar conveyance, it gains ad- 
mission also, and is again given out unaltered in thos€ 
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cases (310.) where we have seen it to be afforded by 
plants in confined air. 

320. The gases, which thus enter by the roots and 
exist in the sap, will be conveyed with it to the 
leaves. M. Senebier plunged branches of the peach 
tree into recipients containing water charged with 
carbonic acid ; so that, in some instances, the ligneous 
extremity of the branch was also immersed, while, 
ia other instances, this extremity was confined in an 
empty bottle. The result was, that the leaves of the 
branches, whose ends were immersed, afforded in 
sunshine double the quantity of oxygen that was 
yWded by the others; whence he concludes, that 
the carbonic acid passes with the water into the leaves 
and is then decomposed *. In the expeijments of M. 
pe Saussure, the attraction of oxygen by water, the 
absorption of this w ater by the roots, and the subse- 
quent expulsion of oxygen from the leaves, are clear- 
ly established t ; so that the conveyance of gaseous 
fltfds into the.leaves, by this route, cannot be rea- 
sonably doubted. 

321. But not only by the roots does carbonic acid 
^s obtain admission into vegetables, but likewise 
by the leaves. The power of the leaves to absorb 
''^ater has been amply established by the experiments 
of Bonnet ; and the gaseous fluids, whi^ exist in 
this water, may readily be conceived to enter with 
^» The production of oxygen gas by leaves, im- 
n^ersed in water containing carbonic acid (288.), can- 
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not be explained without supposing this acid first to 
enter, in solution, into the substance of the leaf j 
and that it actually does enter, seems to follow from 
the experiments of M. Senebier. He immersed the 
leaves of sediim in boiled water, and placing them 
under the receiver of an air pump, exhausted the 
vessel till the leaves sank. They were then removed 
into water impregnated with carbonic acid, and, in 
seven minutes, they rose from the bottom of the ves- 
sel, and, when exposed to the sun, afforded oxygea 
gas in great abundance ; which proves, he adds, that 
leaves imbibe this acid gas, and again expel it ia. 
another state, under exposure to the sun. Whtn, 
on the contrary, the leaves were thoroughly exhaust- 
ed of air, and exposed to the sun in boiled water^ 
in which no air existed, they did not furnish an ato^. 
of air *. 

322. Much attention has been employed to ascer* 
tain the part of the leaf in which the carbonic acid 
is contained and decomposed, and the surface fropi 
which it afterwards issues. As the gas itself is invip 
sible, its escape can be detected only by placing tke 
leaves in water ; or, if they are retained in air, by 
marking the increase of volume which ihe air may 
receive. This latter method, however, enables us to 
judge only of th^ fact, but not of the mode in which 
it is accomplished. From experiments, made by 
immersing leaves in water, Dr Ingenhousz supposed 
the air to issue chiefly from the mjh^ior surface of 
tl^e leaves. From the leaves of some fleshy plants. 
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^liich were cut in pieces and exposed in water to 
Ae sun, he observed very pure air to issue, in con- 
tinual jets, from their parenchymatous structure; 
but in other phnts, which afforded air very abun- 
dantly, its escape was not visible from either surface 
of the leaves *. 

32S. M. Senebier also found the inferior surface 
of the leaves to yield the most air ; that the epider- 
mis, when removed from the other parts, afforded 
no air, but that the air then issued abundantly from 
the denuded parenchyrae ; wherefore he concludes, 
4hat the parenchyme is the true seat of the air that 
18 obtained. The air, which thus exists in the pa- 
teschyme, he supposed to escape through the epi- 
idermis ; for when the surfaces of the leaves were 
€oyere4 with paste or varnish, no air then issued; 
|)ut he was never able to discover the pores or ori- 
fices through which it obtained a passage !• The 
foregoing observations and experiments seem to 
prove that the gaseous fluids of plants exist princi- 
^lly in the parenchyme of the vegetable, and from 
Aenc* issue into the surrounding atmosphere. 

3S4i. According to M. Jurine, the parenchyme of 
Ae leaf is composed of an aggregation of small cells 
or utricuti, in which a green juice is contained. The 
form of these cells fe either spherical, cylindrical, 
elongated or irregular j and according to their form, 
the spaces between them, which he calls utricular 
i^ttrsticeSj will be more or less large. It is in these 
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intersiices that the'air, which leaves contain, seems to 
be lodged* In a leaf of fritillary ( fritillarm) and of * 
purslane (^portuLca\ small luminous points may be 
seen by the- microscope, or even by the naked eye^ 
which points are said to be produced by the light re- 
flected from the air contained in the utricular inter- 
stices. To prove this, he removed the pellicle of a 
leaf of fritillary, and cut the parenchyme, so that 
he could observe several of these luminous points; 
and then, by gently compressing the pareBchyme 
under water to force out the air, he saw it issue 
ill the form of bubbles, and the water, having 
taken its place, rendered the interstices transpir 
rent, which were before opaque. In the petal <rf 
the rose, these inter-cellular spaces are very large ; 
and if the petal be slightly compressed undei^ water, 
the air it contains will be seen to move with rajiidity, 
followiDg the different inflections of the utricular in«- 
tersiices*. 

S23. But for the escape of the air thus lodged in 
the interstices of the parenchyme, some passages 
must exist, and these are to be fbimd in the eafeenial 
pores* It has been much disputed among hte writers^ 
whether the leaves or plants ar^ furnished with a 
pr»pcr and distinct < Thkn%is. The late M* de Saus- 
sure considor<!d what i$ caUoJl the epidennis to be 
composed vtf thrw dittVrcnt textures, M. MirbeU 
hovrcvor^ doi^ics it* existence, and cv>nsidei^ vkat 
is $0 called^ to bo the unison \^f the coodguous sar- 
taces of the cxrcnul odl$ ; and M, Jurine. alsa» de- 
scribes this covcrii^ as K^n;\;^l by the cx:c«ar stra- 
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turn or face of the uiricuU^ for he could never find 
die distinct epidermis of Saussure. But whether this 
covering be, or be not, a distinct membrane, it is ad* 
initted by all to be furnished with innumerable pores. 
Id a leaf of the bulbous lily, Hedwig counted 577 
pores in the small space of a square line ; and M • 
Jurine reckoned 140 in the same space of a leaf of 
fridllary. These pores are in form either oblong, 
oval, or irregular ; and they extend, in different Au 
rections, over the surface of the leaf. Some leaves 
have them on both sides ; some, on one side only ; 
and other leaves are wholly destitute of pores. In 
the leaves of trees, they are chiefly distributed on the 
under surface, in the juniper on the upper, and ia 
the fir and larch they are found on both surfaces. 
All the parts of the flower are likewise furnished 
vith them. When observed by the microscope, af» 
ter moistening the pellicles, the pores appeared to M. 
Jurine to be filled with a black matter, which was a 
small bubble of air contained in them ; for, by gen- 
tle pressure with a fine needle, the bubble was de* 
tached, and the part then became transparent. And 
when the pores of different pellicles, previously r&» 
moved from the leaves, were compressed under wa* 
t^> the air that issued iroxa them gradually disap< 
P^red, which led him to conclude that it was carbo^ 
mc acid. 

326. That these pores communicate with the utricu'r 
^ interstices before described, he supposed from the 
following experiment. He placed the leaves of the 
geranium peltatum and rurnex sanguineus in water 
*"ider the receivpr of an air pump, aad ob^ex'^^A ^\ 
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;o nj>pcar on both their surfaces when the recwer \ 
v:'d^ xM.iiisti'il, and aj^ain to disappear, when the 
c«]uihi)ri'iiu was restored ; from which he concluded 
that th- air had been first drawn out of the leaf, and 
li.ui aturwards re-entered it. In the i.ttajragram^ 
the upper Mirlare of whose leaves is destitute of pores, 
thi- i:ii "rinr surhicc alone was covered with bubbles, 
\vhii.li ilisapptar-d in the -anie manner when the at* 
mo.<phtric eiiuilibriiun was restored *. It must 
liow^ V t r bc» observed, that the air, in these expcii- 
inents, might be derived iVom the water, and its dis- 
appearance be caused by its re-attraction by that 
fluid, when the pressure of the atmosphere was r^ 
stored. That air, however, does escape from leaves 
/>/ «Y/67//;, is rendered certain by the experiments of 
M. Senebier, who found a leaf of .seJiOfi to sink ift 
boiled wat.-i placed under an exhausted receiver, and 
again to sw i after beting placed for a few minutes 
in water charged with carbonic acid f- 

'i'^7. JJesides entering vegetables through the me- 

dium of solution in water, air seems to gain admi» 

sion into them by other means. According to D 

B^-ll, I)r H:ll first shewed the cuticle of vegetable 

o be an organised vascular substance, which, i 

placed under an exhl„? , ^ " °^ '^ """' 
through the cuticle and i^ f""^^' ^'^ ^"^^^ 

we n.ay therefore conctHL ^ ''' "°°'' "" 

tnatt he proper entram 

* riiiiosopLicai :. .fi.J,7c7..;;T 

t I'hysiol. Veget v • P- '^- U 1 10. 
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of air into plants is through these cuticular vessels •• 
2M[any experiments of a similar nature were made by 
^r Hales, who concluded from them that air enter- 
fd plants not only with the nutrient matter by the 
Joots, but also through the bark and the leaves t« 
Jhese experiments, however, as Dr Smith observes, 
prove only that the vegetable body is pervious to air 
when emptied of its sap, or when pressed by the 
weight of the atmosphere J ; but they afford no 
proof that the transmission of air through the vege- 
table structure is a natural and necessary function of 
vegetation. 

. 328. Some experiments of Dr Priestley furnish 
evidence of a different nature respecting the entrance 
pf air into plants. He found that the willow plant 
(epilobium hirsulum), while growing in water and 
confined in jars of hydrogen gas, greatly diminished 
the bulk of gas, and rendered it more pure ; so that 
it was affected by nitrous gas, and exploded, whea 
fired, like a mixture of common and inflammable air« 
The leaves continued green, and appeared to be al- 
ways loaded with air bubbles, which were continual- 
ly detached, and their place supplied by others. 
These bubbles, he supposed to be oxygen gas, and 
to have been the cause of the purification of the hy- 
drogenous atmosphere ; and he believed them ta 
proceed from the plant itself, and not to be 8eparate4 
from the water in which it grew §• 
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529. According to Dr Ingenhousz, plants, inclo» 
sed /;/ vucw , continually give out air, which in sun- 
shine is oxygen gas, and in the shade is carbonic 
acid and nitrogen. The qjr contained in onions and 
in many aquatic plants he represents to be nearly 
the same as that which surrounds them, {n tubes 
filled with nitrogen, the gas afforded by rushes was 
of the same quality ; and when tht- tubes were filled 
with oxygen, the plants afforded gas of the same de- 
gree of purity. Similar results were obtained when 
the tubes were filled w ith hydrogen or carbonic acid 
gases, the air afforded being in every case similar to 
that which previously surrounded the plants. The 
experiments succeeded in sunshine and in the shade, 
and the change in the quality of the air was effected 
in half an hour ; so that it is concluded, that the air 
existing in plants is never stagnant, but is constantly 
and speedily renewed *. 

530. M. Senebier ascertained, by experiment, the 
truth of the foregoing observations, as far as they 
relate to plants which have a reservoir for air, such 
as the stems of onions and rushes ; but that they do 
not hold with regard to plants of a different struc- 
ture. The air which generally issued first from 
plants in wacuo he found to be nearly similar to that 
of the atmosphere, but it diminished in purity as the 
experiment was prolonged. It varied, however, in 
the same plants, at different times ; and contained 
different proportions of oxygen, carbonic acid, and 
nitrogen gases t- 
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331. Many experiments of M. de Saussure seenr^ 
likewise, to prr)ve that air exists naturally in plants^ 
He found that green-leaved plants, especially such as 
had fleshy leaves, lived a long time in pure nitrogeny 
and afforded to it a considerable portion of oxygen 
gas in the sun, but yielded only carbonic acid in the 
shade. Similar results were obtained when the 
plants were confined in an atmosphere of the gase-* 
ous oxide of carbon. Many fleshy plants continued, 
also, to vegetate in vacuo, which M. de Saussure sup- 
posed them capable of doing only in consequence of 
the air they contained in their parenchymatous struc- 
ture, which air was decomposed and eliminated by 
the action of the sun *. If, farther, we believe that 
the decomposition of carbonic acid by leaves is ef- 
fected only in their parenchymatous structure, we 
must necessarily suppose, that, in the experiments of 
Davy and De Saussure, as well as in all others in 
which this gas was decomposed, it must first have en- 
tered into the substance of the leaf. From the facts, 
therefore, which have now been stated, it seems to 
follow that gaseous fluids obtain admission into plants, 
both through the medium of solution in water, and 
ttnder an elastic form. 

332. But the carbonic acid, which may thus enter 
vegetables, we have seen to undergo decomposition 
(3 1 7.), and to be partly expelled in the state of oxygen 
gas. How far, then, are we entitled to consider these 
operations as the necessary result of a living vegetable 
fiinctioH? Preparatory to the decision of this question. 
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It may be useful to bring together and contrast the 
peculiarities which distinguish, respectively, the con- 
sumption and the production of oxygen gas by living 
plants ; for whether we regard the agents employed^ 
the mode and circumstances in which they act, or 
the results which are afforded, there are no two pro- 
cesses, which, in many respects, present phenomena 
more dissimilar. Both in the shade and in sunshine^ 
however, oxygen«gas is essential to vegetation ; but 
in one situation, it is converted into carbonic acid ; 
in the other, this acid is re-converted into oxygen 
gas. Without the presence of oxygen, the living 
plant is unable to survive ; but an atmosphere of car- 
bonic acid speedily destroys its life. When oxygen 
is consumed, the union of that gas with carbon ap- 
pears to take place exterior . to the vascular system 
of the plant ; when the same gas is produced, the 
decomposition of carbonic acid is effected in the eel* 
lular structure of the leaf. To the continuance of 
living action the formation of carbonic acid seems to 
be essential ; but its decomposition is, in no respect, 
necessary to the life of the plant. The one operation 
proceeds continually, by day and by night, in sun- 
shine and in the shade ; the other takes place only 
at intervals, and while the plant is exposed to the 
sun. Where, without light, oxygen is consumed, 
the plant lives and grows, but its colour and proper- 
ties are impaired ; where light is present, and oxy* 
gen is produced, the colour and other properties of 
the vegetable attain the greatest perfection. Lastly, for 
the conversion of oxygen gas into carbonic acid by 
plants, a certain temperature is required j but the 
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production of this gas, by the decomposition of car- 
bonic acid, occurs in temperatures unequal to the 
support of vegetation. These numerous and striking 
dkimilarities must be allowed to create an essential 
difference between th?.t op« ration of plants, by which 
oxygen gas is converted mto carbonic acid, and that 
by which this acid is re-converted into oxygen gas. 

333. Now the former process, by which oxygen 
is consumed, must be regarded as necessary to vege- 
tation, because without air plants do not grow ; and 
no other known change is produced in this air than 
the conversion of its oxygenous portion into carbonic 
acid gas. This conversion, also, is connected with 
the living powers of the plant ; for when these powers 
are suspended by cold, the plant no longer continues 
to vegetate, and the oxygen of the air is then no 
longer changed. It proceeds, likewise, at all times, 
and in all situations ; so that if a circumstance which 
universally accompanies vegetation, and without 
which it cannot continue, be entitled to be consider- 
ed a necessary condition of that function, then the 
conversion of oxygen gas into carbonic acid by li- 
ting vegetables must be so considered, 

334. But, on the other hand, the production of 
oxygen gas, by plants exposed to the sun, is not, ne« 
cessarily, accompanied^ by any signs of vegetation y 
neither does it require the conditions, which are es^ 
sential to the exercise of that function. Thus, al- 
though air is indispensable to vegetation, yet various 
exp'iriments prove that oxygen gas is afforded by the 
leaves of plants, when they are immersed in water.r 
It may be said^ that the air, existing in the water^^ i^^ 
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hi this case, supplied to the plant ; but Ingenhoc 
asserts, that oxygengas is likewise produced by pla 
immersed in water, from which all the air has b( 
previously expelled by boiling *. Nay, the exp< 
ments of Priestley, Senebier and Woodhouse demi 
strate, that the production of oxygen by vegetab 
takes place not in proportion to the quantity of t 
gas which the water may contain, but to that of i 
carbonic acid which exists in it. It is a fact, he 
ever, that boiled and distilled waters, deprived of s 
do not support the vegetation, even of aquatic plai 
and water fully saturated with carbonic acid is s 
more destructive; for the conferva rivularis s 
potagmagtton crispum^ says Dr Ingenhousz*, w 
soon destroyed in it t ; and yet from such water, 
impregnated in a slighter degree, he often obtain 
by means of plants, a great quantity of air of exquii 
j)urity J. 

335. Nor is it only when they are thus secluc 
from air, or immersed in water deprived of air, oi 
that which is impregnated with carbonic acid, tl 
this operation of yielding oxygen gas is performed 
the leaves of vegetables ; for the experiments of I 
vy (300.) shew, that these leaves, when confined 
pure carbonic acid, equally afford oxygen gas, a 
those of De Saussure prove t^e same thing to happ 
in vessels of hydrogen or nitrogen gas |[, althougl 
is universally admitted that these gases are incapal 
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of supporting vegetation. If, therefore, we pronounce 
this operation of the leaves to be a vegetative func- 
tion, we must maintain that vegetation takes place 
not merely without the presence of oxygen gas, which 
is necessary to vegetation, but that it actually goes on 
fflopt rapidly when a gas is present, which is absolute- 
ly destructive to that process. 

336. In like manner it has been shewn (24.), that 
heat is necessary to vegetation, and that this process 
does ROt go on if the heat be, to a certain extent, 
withdrawn ; yet M, Senebier found, that all vegeta- 
bles, which continued green, furnished oxygen gas 
in the sun, when the temperature of the air was many 
degrees below zero *. Thus, we see that the pre- 
kskce of light enables the plant to furnish oxygen 
gas, when the heat, necessary to vegetation, is with- 
drawn; and, on the contrary, it has before been 
<hewn (25.), that all plants will vegeta:te in circum- 
ttances where heat is present, but where light is ei- 
ther partially, or totally excluded; 

337. But not only t^ithout pure air and heat do 
plants, when exposed to the sun, seem capable of 
yielding oxygen ; but they afford it also in such a 
tate of mmilatioh, as must be completely destructive 
to their vegetative power. There is a great difference 
between the mere possession of life, and the perfor- 
fliance of living action. Neither the stem alone, nor 
the leaf atone^ can execute the proper vegetative 
function of the plant ; for the stem must possess an 
embryo plant or bud to enable it to grow, and, though 
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the leaf may, for a long time, be kept in life, yet it 
neither grows, nor produces any new vegetable mat-* 
ter, when it is separated from the stem. In many of 
the experiments, however, of Ingenhonsz * and Se- 
nebier f, oxygen gas wa» not only produced by the 
feaf after it was detached from the plant, but evea af-« 
ter it had been cut into small pieces, or was so much 
withered as to be unable to support an erect posture^ 
When, indeed, it was beaten to a pulp, Dr Ifigen- 
housz did not find it capable of affording purp air ; 
but this only shews that a certain state of vegetable 
organization is necessary to the discharge of this of- 
fice, but does, by no means, prove^ that it is perform-' 
ed by the vegetative function of the plant. : 

338. Dr Ingenhousz himself, indeed^ attributed 
the salutary influence, which plants exert on the ajr^ 
to the direct Hghc of the sun, conjoined with a certain 
state or condition of the vegetable structure, but noc^ 
in any degree, to vegetation, as such. At first, in- 
deed, he believed it to depend on vegetation > but if 
vegetation, he adds, were the cause, plants should 
produce the same effects at all times^ and in all situa- 
tions, where they are able to vegetate ; but they live 
and grow, to a certain size, in darkness, where they 
neither afford good air, nor possess the poweif of im- 
proving diat which is bad }• Since, then, it appears, 
that the productiofii of oxygen gas by plants takes 
place independently of vegetation, and without the' 
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conditions essential to the exercise of that function. 
It cannot be regarded as an operation necessary to 
the existence of the plant, or dependent on its living 
powers, but must be considered as a secondary and 
subordinate office, the performance of which is entire- 
ly governed by the accidental circumstances in u hich 
the vegetable may happen to be placed. 

339. But if it be thus granted, that the operation, 
by which plants aflFord oxygen, may go on in circum- 
stances where the powers of vegetation are not only 
suspended, but where they are unable to exist, then 
it also follows, that the entrance ot gaseous fluids 
into plants, by which that operation is supported, is 
not necessarily to be Considered as the result of a vi- 
tal function* These gases have been shewn (318.), 
in certain cases, to enter plants with the fluids which 
they absorb from the soil ^ and if this, as is probable, 
be the ordinary way in which they gain admission, 
then we may say generally, that gases are absorbed 
by plants* But as these fluids may likewise be re- 
ceived into plants, although they hold no gases in so- 
lution, and vegetation may then also go on; the ab- 

' sorption of gases cannot, in this sense, be deemed a 
proper and necessary function of the plant. 

340. Fartl^er, gaseous bodies enter into plants, in 
an elastic form, and, as we have seen (300.), under 
drcumstances fatal to the exercise of their living 
powers ; in which case, their admission must depend 
on the operation of a chemical, or mechanical cause. 
Do we then possess evidence that such an affinity 
subsists between vegetables and certain gases, as is 
sufficient to eixplain the phenomena which hw^ V^^^a 

c 2 
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now de^rib^d ? That an aiHnity subsists between tho 
carbon of vegetables, and the oxygen of ike air^ the 
phenomena of vegetation abundantly testify; and 
some experiments of Mr de Saussure seem, also, to 
shew, that, beside converting oxygen gas into carbo- 
nic acid, certain vegetables possess an attractive . 
power for that gas, under which it enters^ unchanged^ 
into the vegetable body# Thus, he remarks, that if 
the leaves of the cactus^ opuutia be confinedy through 
ihe night, in atmospheric air inverted over mercury^ 
they will remove a portion of its oxygen without 
producing an atom of carbonic acid^ or^ in the small* 
est degree^ affectiiig its nitrogenous portion *r When 
the leaves have thus acquired a full dose of oxygen^ 
they begin^ says M^- de Saussure, to produce carbonic 
acid, by yielding their carbon to unite with the sur* 
rounding oxygenj-^-^i combination which does not^ in 
the least, affect the vokime of air. The greater num- 
ber of leaves, and, in particular, those whieh are not 
fleshy, thus form carbonic acid, at (he same time that 
they receive, or, as M. de Saussure says, inspire oxy- 
gen gas t. 

341. But though the entrance of oxygen gas^ to 
the exclusion of nitrogen, seems, in the foregoing exi-» 
amples, to favour the notion of the operation of an 
elective affinity ;, yet M^ de Saussure observes, that 
when the cactus has been confined through the night 
in pure hydrogen gas, it hai^ afterwards al9R)rded, by 
the action of the air-pump, small (quantities both of 
hydrogen and nitrogen gases. He also found, that 
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where a small {K)rtion of carbonic acid was added to 
atmospheric air^ it entered the vegetable in a propor- 
I don equal to tshat of oxygen ; but none entered, if 
the plant was conlined in pure carbonic gas *• In the 
experiments also, which have been related (S28. et 
seq.), not only oxygen, but hydrogen, nitrogen and 
carbonic gases obtained free admission into the vege- 
table body* The experiments likewise of Davy 
(SOO.), and of De Saussure {3 10.), prove the entrance 
of carbonic gas into the leaves of vegetables ; so that 
if the entrance of these gases be ascribed to chemical 
affinity, this affinity is not confined to one gas, but 
eixtends to many. It farther appears, that, though 
oxygen is generally converted into carbonic acid af- 
ter its entrance into the leaves, yet it is again com- 
pletely expelled in the state of oxygen^as, under ex- 
posure to the sun, and the other gases are often ex- 
pelled without any sensible change in their proper- 
ties, or any diminution in their quantty ; wherefore 
no part of them can have been appropriated by the 
plant t« 

S42. Another curious circumstance, in the history 
of these phenomena, is, that various gases not only 
«nter vegetables, without regard to their nature or 
composition, but they do so in a quantity, which, in 
many cases, considerably exceeds the bulk of the 
containing body. The leaves of the cactus, when 
confined through the night in atmospheric air, re- 
move a portion of its oxygen equal to three-fourths 
of their own volume ; and if the experiment be pro- 
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longed to thirty-six or forty hours, these leaves ^wili 
have taken up a volume of this gas greater by one- 
fourth than their own bulk *• It farther appears^ 
that the organic structure of the leaf is necessary to 
the exercise of this office ; for when the leaf is pre- 
viously reduced to a pulp, it does not diminish the 
volume of atmospheric air, but only changes its oxy* 
gen into carbonic acid t ; — a fact which accords vidi 
an observation of Ingenhousz, who remarked, that 
leaves, when beaten to a pulp, did not, like those 
which were entire, afford oxygen gas in the sun. 
The leaves of various other plants, of different spe^ 
cies, were found, by M. de Saussure, to take up a 
quamity of oxygen, equal or superior in bulk to. 
themselves, when they were confined in atmospheric 
air and kept in darkness \ ; and this gas was again 
expelled from them when they were exposed to die 
sun L Thin-leaved plants, however, which possess a 
small extent of parenchymatous structure, do not 
at all vary tiie bulk of their atmosphere, when they 
arc placed alternately in sunshine and in the shade ; 
and« if kept entirely in the shade, they Jiminigh both 
the purity and the volume of their atmosphere $. 

:543* Granting, therefbn?, that* in the foregoing 
examples, chemical atiiniry i$. to a certain extent, 
exertt>d between the vegetable and the elasdc fluid 
thai sunxnmds it, wt the ^Ouuv?: indkcntninate re- 
ct'piKUi of such fluidjs \\ouUl s^xm to indicate that 
mechauioAl eaii^w^ likewi^ jvirticipare in the pro- 
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dudion of this effect. Th» is rendered more pro- 
bable, from the circumstance, that the organic form 
of the leaf is an essential condition in the operation ; 
for, if chemical action alone were concerned, there 
•does not appeAr any good reason why affinity ^ould 
not in part produce a diminution in the air, even al- 
though the texture of the leaf were broken down ; — 
a circumstance which cannot be supposed entirely to 
suspend or change, though it may be conceived to 
modify, the action of this power. It is farther re- 
markable, that thin leaves, although, in chemical 
composition, they resemble thick ones, exert little or 
no effect of this kind, which shews that it is not so 
much the quality, as the form, of the substance, that 
influences the operation. 

344. Since, then, it appears, that, though chemical 
affinityt be present, and allowed to operate, it is yet 
unequal to the explanation of the phenomena in 
<luestion ; let us, in the next place, direct our view 
to the consideration of mechanical causes. Now, 
niechanically considered, gaseous bodies can only be 
copceived to enter plants to the exclusion of some 
othelS''«ubstance, When, therefore, the vessels or 
cells of plants are already filled, no air can be 
supposed to gain admission, but by the displacement 
of a corresponding bulk of the contained fluids^ 
Dr Hales, accordingly, found, that although, by 
means of the air-pump, he could produce a free cur- 
rent of air through sticks of considerable size, yet, 
from young and succulent shoots, placed in similar 
circumstances, and which yielded their fluids very 
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slowly, little or no air issued *• Unless, therefore, 
we suppose some cause capable of emptying the ye9- 
sels of plants, it is difficult to conceive how the air 
can, simply by the force of mechanical pressure, en- 
ter and be transmitted through them, j 

345. All the circumstances, which have been al- 
ready stated, seem to shew that the air, which enters 
plants in an elastic form, is chiefly, if not entirely, 
diffused through their cellular structure, ^and does 
not gain admission into their vascular sys^o). 
Hence the hollow stems of herbaceous plants, and 
the cellular structure of thick leaves, chiefly furnish 
air ; and when, therefore, the texture of these parts 
is broken down, the vegetable substance no longer 
exhibits the property of diminishing or attracting au> 
The universal distribution of this cellular tissue 
through the vegetable body, its loose and porous 
structure, its comparative emptiness, and the ready 
communication that probably obtains through its 
whole extent, fit it, in an especial manner, for re- 
ceiving and containing elastic fluids ; while the closer 
texture of the vascular system, its less general com- 
munication, and, above all, its occupancy by ti|e ve- 
getable fluids, present, on every side, obstacles ta 
the transmission of air. 

S46. But granting that the air, which enters in an 
elastic form, resides chiefly in the cellular or paren- 
chymatous structure of plants, we have yet to inves- 
tigate the cause of its entrance, and the sriil more 
unaccountable fact of its existing in the vejretable in 
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a bulk that exceeds its own absolute volume. Speakf 
ing then mechanically, no other cause of the first en* 
trance of air into vegetables occurs, but that of pres- 
sure: and when we consider the vast force which the atr 
mosphere exerts, in order to preserve an equilibrium, 
we seem to approach a cause adequate, in a certaii^ 
degree, to the purpose assigned it. If, therefore, 
from variations in temperature, from changes in the 
state of the vegetable, or from chemical agency, a 
pardal vacuum should, at any time, be created in the 
plant, air would quickly rush in to restore the equi- 
fibrium»{ and thus, on mechanical principles alone, 
the entrance of air may, to a certain extent, be ex- 
plained. This explanation, however, applies only 
to elastic fluids generally; but does not explain why, 
when atmospheric air is employed, its oxygenous 
portion only should enter the leaf, indicating an 
ckcim, ivhich can be accounted for only on the 
principles of chemical affinity. Hence, then, we 
should say, that the air was brought within the 
sphere of attraction, by the operation of mechanical 
pressure, but that the actual attraction of oxygen 
was deter^mined by the superior chemical affinity 
which the vegetable substance possessed for that ga^ 
When, however, oxygen is not present, then nitro- 
gen or hydrogen will enter according to their re- 
spective affinities, or, if they be considered to exed: 
none, they will, in a certain degree, be forced in by 
Q^echanical pressure alone. 

347. After the admission of such fluids, different 
chemical affinities may be exerted towards differei^t 
jases. Thus, oxygen may be converted into car- 
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bonic acid, and the subsequent attraction of this acid 
by the vegetable substance may favour and promote 
its &rther entrance : and such, probably, is the 
cause why oxygen is received in a quantity so much 
exceeding that of every other gas, except carbonic 
acid. But some other cause, beside chemical change, 
seems, in many cases, to operate in the production of 
these phenomena, else there appears no reason why 
the organic form of the plant should be so essential to 
their completion. Now, we know, that, besides be- 
ing chemically attracted, air adheres to the surfaces 
of all bodies ; and, therefore, the more exteasrre the 
surface may be, the more exten^ve will be the adhe- 
sion betweai it and the air. To us it appears pro- 
bable, that some such operation is exerted by the 
extended cellular structure of plants ; and therefixe 
it is» that this structure aids the operatioQ in ques- 
tion. It may, indeed, be said, that the same drcoBi- 
stance would enlarge the sphere of chemical action, 
and, by thus more extensively causing the prvxloctioii 
of carbonic acid, and ics subsequent atn-action by die 
Te^[enble substance* give rise to the phenomezioa ia 
questioo. Bu: v hecher the <et«sdcinr ot the au- bc^ 
in these examples^ ovefc^xne by ihi^ mechanical 
eper&doa of j«ihes:oin« or br :he ^Kct ot chemical 
coinge. or by Nxh con;oin:^y« we ve oompelied to 
cvAcIuJe tHit ceiiuur or £e:§&r le^v^^ rv^^siess the pio- 
perrr or r^veivirc 4J>i r^JLSttirc a cuisthr cf dastic 
£u3d« w*:ich, jl: :i:je ordir*iTT pr^fis^^^iiT^ atc rcsipearatnre 
of tbe ;uniK'i$faS>ew^ vXXiiMkriKT ^xc^^^3^ th-dr own 

<*c^ n» Ck>f^:«c c^>»erjitv^ ot rxc^iuzScai and 
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duce the entrance of air into the vegetable bodj, is 
exhibited in the production of many other eiFects. 
Thus water is capable of receiving and containing 
within its pores different gaseous fluids, in very dif- 
ferent proportions. Nitrogen gas enters in small 
quantity, oxygen in a larger proportion, and carbo- 
nic gas in a much larger still. Now the mechanical 
operation of pressure acts alike on all these gases, 
and, to a certain extent^ causes their entrance into 
the \i ater ; and hence, if the pressure be artificially 
mcreased, the quantity of gas that enters is increased, 
or, if it be diminished, or entirely removed, the gases 
in part escape, or are no longer retained. But the 
reason why oxygen is received in larger quantity 
than nitrogen, and carbonic gas than oxygen, can 
only be explained on the supposition of a difference 
in the affinity subsisting between water and those 
gases respectively. In the same manner, the en- 
trance of all elastic fluids into vegetables, may, to a 
certain extent, be deemed mechanical ; but, after 
their admission, a chemical cause may be considered 
to operate. Hence it is, that, in the foregoing expe- 
riments of M. de Saussure, the oxygen gas which so 
hrgely enters the leaves of fleshy plants, cannot be, 
abstracted by the air pump, nor, while they are kept 
in darkness, by placing them in temperatures equal 
to 40® Reaumur * ; but it is entirely expelled (S42.). 
in its primitive form and quantity, by the chemical 
agency of the solar rays. 
349. From the facts which have now been stated 
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we collect, that plants, which vegetate in sunshme, 
require always the presence of oxygen gas (309.) ; 
and that, by the act of vegetation, they constantly 
change this oxygen (308.) into carbonic acid. We 
farther learn, that carbonic acid enters plants, both 
with the fluids which they absorb (318.), and also, 
under certain circumstances, in an clastic form 
(300.) ; that this acid gas is conveyed to the leaves, 
and is there decomposed (290. et seq.), by the joint 
operation of the plant and of solar light ; and that it 
is from this source alone (3i7.)5 that the oxygen gas 
afforded by plants is derived. It likewise appears, 
that this operation of affording oxygen is not proper- 
ly a vegetative function (338.), but only a subordi* 
nate office, accomplished by the direct agency of the 
sun ; that it is carried on in the cellular or parenchy- 
matous structure (323.), and not in the vascular sys- 
tern of the leaf; and that it may, and does exist 
(308.) with that function by which oxygen is con- 
sumed, and which is essential to the vegetation of the 
plant. Hence it is, that, when plants are « made to 
grow in closed vessels exposed to the sun, the oxy- 
gen gas which is consumed by the function of vege- 
tation, is again restored (308.) by the decomposition 
of the acid that is formed, and no change (306.% 
therefore, appears to be effected in the composition 
of the air. But in situations, where the direct agency 
of light is excluded (263.), no decomposition of car- 
bonic acid is perceptible, and the air, therefore, soon, 
becomes unfit to sustain vegetation. In its general 
nature and effects, therefore, tlie function of vegeta-^ 
fioa is precisely the same va ^Mti^vine and in the 
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shade } for o?^ygen gas is alike necessary in both si- 
tuations, and is in a similar manner converted into 
carbonic acid. Under direct exposure to the solar 
rays, however, this acid gas is again decomposed, 
and its oxygen is restored to the atmosphere ; while, 
in the shade, no such operation takes place, and the 
air, therefore, remains permanently depraved. 

350. But farther, it also appears, that the production 
i^ oxygen is entirely confined to the leaves (292.) and 
other green parts of plants > and that the flowers^ 
the fruits, the stems and roots of vegetables (279.) 
both in sunshine and in the shade, convert always 
the oxygen gas of the air into carbonic add. Since^ 
likewise, the leaves acquire their green colour by 
the direct influence of the same agent as occasions 
>die development of oxygen, may we not reasonably 
presume, that some necessary connection obtains be- 
tween the production of that gas and the formatiofli 
of this colour ? Let us then pursue these inquiries a 
fitde farther, and try to discover the nature of that 
relation which appears to subsist between the pro- 
duction of oxygen gas, and the formation of the green 
colour in plants. 



SiECT. III. Of the delation subsisting between the produC" 
lion of Oaygen Gas, ajid the foi-mation of tJie Colours of 
Plants. 

351. Since, from the conclusions deduced in the 
foregoing section, it appears, that the pure air fur- 
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nished by plants proceeds from the decomposi^ 
tion of carbonic acid, and since this decomposition 
is effected by the joint action of the green parts 
of vegetables and of solar light ; why, it may be 
asked, are these parts so exclusively concerned in 
this operation, and what are those peculiarities df 
structure or of composition, which thus enable them 
to produce changes in the air, so diiferent from those 
which all the other parts of the vegetable perform, 
even in sunshine, and so contrary to their own pro* 
per functions in the shade ? This operation has bectt 
shewn to be in no respect necessary to the life of 
plants ; for they live and grow in situations where thef 
afford no oxygen gas* Neither can it be considerid 
as a necessary result of vegetable organisation } iiot 
the structure of white leaves, which afford no oz^« 
gen, is as perfectly developed as that of . greoi 
leaves, which yield it in abundance ; and when plantt 
are successively rendered green, or white, by theal* 
temate admission or exclusion of the solar rays^'ii 
which states they respectively furnish a pure or iki^ 
pure air, it ciEmnot be supposed that the vegetable^r* 
ganisation has undergone such material chai^;^si 
should qualify it thus rapidly to present such coi* 
trasted results. 

352. This decomposition of carbonic acid, vbieh 
thus gives birth to oxygen, we have likewise seen tobe 
effected in the parenchymatous structure of the leiff 
and the agency of the solar rays appears Id be euet^ 
tial to its completion. But it is in the same part of 
the plant that its colourable juices reside, and these 
juices, also, aciciuire their green colour fiponl the di* 



Ill 

tect influlence of the sun ; so that the decomposition 
of carbonic acid, and the formation of the green 
colour^ not only occur at the same time, and in the 
nme place, but they are accomplished by the imme-^ 
diate operation of the same powerful agent. There 
oists, says M. Senebier, a very singular relation he-* 
tween the parts of leaves which furnish most air, and 
those of etiolated leaves which first become green^ 
It is in the angles formed by the nerves of the leaves 
that we observe these two phenomena* It is in these 
that the excretory vessels of the parenchyme termi- 
laie, and it is there that light announces its operation, 
IB we see by the air which this part affords, and by 
die green colour which at the same time it assumes *• 
S63. But not only do these operations appear thus 
•^go on at the same time, ahd in the same part of 
ihe plant, but they seem to have a near connect 
Asa with each other ; for it is only by the green 
|KUts ^ vegetables that oxygen gas is afforded j 
lirbile all their other parts yield onfy an impure ain 
AL Senebier made many experiments on the seminal 
leaves of French beans, and on the young leaves of 
«(£er pknts, but never obtained from them any oxygen 
gas white they retained their white colour. Neither 
did the etiolated leaves of lettuce or cabbage afford 
^air when exposed to the sun, or the little which they" 
Sometimes yielded, was always very impure f. Why^ 
then, shouki the decomposition of carbonic acid at 
ways atfelid the production of the green colour in 
plants, and why should their white colour appear 
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always to be accompanied by the retention of that 
gas ? Could we discover the connection between these 
facts, it might, perhaps, lead us to an explanation of 
the cause of the green colour of plants. 

354. As we have before endeavoured to shew 
(338.), that the decomposition of carbonic acid by 
plants cannot properly be deemed a vegetative func- 
tion, so likewise the changes which plants exhibit, in 
passing from an etiolated to a coloured state, afid tbe 
circumstances under which these changes take place, 
equally prove their independence of a living action. 
When an etiolated plant is gradually exposed to light, 
we first observe, says M. Senebier, the most tendef 
parts pass from a white to a yellow colour ; the yel- 
low then becomes deeper ; next, some green spots 
are seen at the extremity, and on the border^ of th^ 
leaf, and in the angles of its nerves. These spots 
multiply, extend, and meet ; the stalk of the leaf af- 
terwards becomes green, and, lastly, the stem; The 
ftew leaves are green from the first, and tHuRs upon 
the same stem we may see some leaves vefj green, 
others much less ^, and a stem that is stiH white, 
in young leaves, the extremity is often greener than 
the other parts ; and in the narcissus, he often saw 
the point of the leaf more green than the rest, and 
the plant, which had just issued from the btilb, le86^ 
green than that which had been some days exposed'; 
whence it seems to result, says M, SenebJer, that the 
green colour depends absolutely on a cbttibination 
effected exteriorly, and which, to a Certain extent, is 
independent of the internal vegetation of the bulb *- 
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ir.SSS.^ln prosecutioii of this idea, he^iMRCured a 
jiece of dafbii, an inch square, and with it covered 
di. portion of the gre^i leaf of a narcissus. In a few 
duysji the leaf still appeared green over its whole ex^ 
lent^ except in the part covered by the tinfoil, which 
put was very yellow. So, likewise, if an etiolated 
leaf of the same plant was covered with a piece of 
dnfoil, and then exposed to the sun, the whole leaf 
gradually became green, except in that part covered 
by the metal * ;-*-fact$ which not only demonstrate 
the direct influence of the solar rays, but likewise the 
locality of their action. 

d56# In like manner too, as We have ^een green 
leaves to produce oxygen gas in sunshine, after their 
separation from the stem, so do etiolated leaves be- 
come green, when placed in the same circumstances* 
11. Seoebier exposed, in his window, the etiolated 
leaves of the hyacinth, to the direct rays of the sutl^ 
and' in a few hours they became green ; but the thin 
leaves of other plants did not exhibit this change of 
coloiir, evidently because they became dry before it 
could take place. When, also, etiolated plants art 
exposed in water to the sun, they become green, ih 
tlie.same manner as leaves afford 03ltygen gas,* w&en 
l^^eed in similar circumstances^ He has §een tlt6 
leaves, of French beans, which sprang white oUt of 
the earth, become sensibly green in an hour, undet 
eacposure to an ardent sun f. Not only,* therefore^ 
4o the mode and circumstances in which the gi^^ 
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colour forms in leaves, but the rapidity with which 
it is effected by the direct action of the sun, shew il 
to be accomplished by a power which acts localty aad 
exteriorly to the plant ; and whose operations ire ^car* 
ried on in a manner distinct from those which pro- 
perly constitute vegetation. These facts, therefoce, 
supply another coincidence between the decomposi* 
tion of carbonic acid, and the formation of the. greeii 
colour in plants, and still farther confirm the imme^ 
diate relation that appears to subsist betwixt them. 

S57« To account for the green colours of vegeta« 
bles, various hypotheses have been proposed. , M. 
Humboldt, having observed some growing plants to 
retain their green colour in mines, from which light 
was excluded, and in which the atmosphere was imr 
pregnated with hydrogen gas, was led to ascr9>e the 
production of the green colour to the operation it 
hydrogen *• It is evident, howev^, that plants be- 
come green in the common atmosphere, where Ikde 
or no hydrogen gas is present ; and M. de Saussinrej 
in various trials, could never observe that plants be* 
fame more green from the languid vegetation which 
they experimced in vessels of hydrogen gas f* --^ 

358* M. Humboldt farther attributed the whiA 
condition of the leaf to the operation of oocygenf 
and we have seen, that the leaf becomes green only 
when oxygen gas is expelled from it« But the no*- 
expulsion of oxygen is no proof that the white co- 
le!ur is caus^ by the operation of that substance ; 
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fdr, previous to its expulsion, this oxygen exists in 
imkm with car.bon, and, therefore, as oxygen, it can« 
not be considered as producing the white colour in 
question. 

SS9, From the circumstance of carbonic acid be- 
bf^ decomposed, and its oxygen only expelled, when 
plants bteome green, M. Senebier, in conformity 
vidi the ojHnions of the day, was, at first, led to a- 
scribe this colour to the operation of phlogiston^, 
ind subsequently, to the retention of carbon, which 
he supposes to be largely deposited in the parenchyme 
of -the leaff. But, granting that carbon is thus 
lecained in the leaf, we possess no evidence that it 
ii able to produce the green colour. The juice which 
communicates t^is colour is contained in the cells of 
die parenchyme. It is of a resinous nature, and so- 
luble in alcohol, to which it imparts its green hue : 
and this green solution possesses the same properties, 
and exhibits the same changes, from whatever leaves 
it 18 obtained. If a phial, about one-third filled with 
this solution, be exposed to the direct light of the 
tun, its green colour is discharged in about twenty 
nunutes, and the liquor resumes nearly the transpa- 
itacy of alcohol, except that it is a little tinged by 
the visgetable matter, while a yellowish precipitate is 
at^the same time throwti down |. In what manner, 
then, is this discharge of the green colour produced ? 
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860. The heat that exists in the sohr beam, is not, 
says M. Senebier^ the eauuse of this change of colour; 
for, when light is excluded, the green tincture pr^ 
serves its colour for many months, although it be 
exposed to a considerable degree of heat. Eren at 
the temperature of 60^ Reaum. the colour suffers no 
change, if the solution be kept in darkness ; so that 
light, not heat, is the agent concerned in produang 
this ohange. But though light thus accelez^tes this 
change, yet its direct influence is not essential to Hi 
production ; for the green colour will be gradually^' 
but much more slowly, discharged in the shade *• 

361. Besides light, however, air also is necessary 
to the success of the experiment ; for vessek^ Whicb 
are quite filled with green solution, sind closely atcfN 
ped, suffer no change of colour for many mcxiths, cm 
ven in sunshine : and thoseportions of solution, whkdf 
present the greatest surface to the air, or which are 
(contained in phials with the largest quantity oF idr^ 
experience the greatest change; so that the dis60M 
feuration is always proportional to the quantity of air 
that is present f. It is, however, only the oxygenoui 
part of the air that contributes to these changes ; tx 
when confined in phials which contain only nitrogen 
gas, the solution experiences no chancy althoi^ it 
be exposed to the sun j but when oxygen gas is pre-^ 
sent, the discolouration is then more rapidly eflfected^ 
than by common air alone ^« It follows from these 
facts, that the presence of oxygen gas, and the agen* 
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ey of light, are conjomtly reqiiired to produce these 
changes of colour in the green solution : and, in con* 
formity with his hypothesis, concerning the cause of 
the green colour of plants, M. Senebier supposes the 
pxygen to be necessary to carry off the carbon, on 
die presence of which substance, he believes thijs co-» 

lour to depend *• 

S62, TThe observations of Senebier wer^ repeated by 
If. BerthoUet, who remarks that the green colour of 
die A)lution disappears rapidly in sunshine, more slow« 
ly in the shade, and not at all, or very slowly indeed, 
in perfect darkness* To discover the effects produced 
m die air, he inverted a vessel, half filled with green 
lolittion, over mercury, and exposed it to the light 
cf die sun. When the colour was discharged, the 
Qmury was found to have ri^en into the vessel : 
ttldi consequently, says M. BerthoUet, the oxygen 
bid combined with the colourable part^ of the solu- 
tkm f. He did not observe the precipitation which 
M* Senebier mentions, but the soludon continued 
transparent, and of a clear y^llpw colour. When 
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evaporated, however, the colour deepened, and pass .=• 
ed to brown^ affording at length a black carbona-^^B- 
ceous residuum. If the vessel contained no 
light did not act on the colour of the solution, am 
nitrogen gas experienced no diminution. Lighl 
therefore, says M. BerthoUet, favours the attracti< 
of oxygen, and the combustion of the colourable 
ter, which at first is imperceptible, and gives to thi 
solution only a yellow colour ; but soon afterward^ ^^ 
it is perfected by the action of heat, and the liquo^v 
becomes brown, and leaves a black residuum *. 

S63. With all due deference, however, to the opE. — 
nions of this eminent and philosophical chemist, wi 
must venture to protest against the employment o. 
the term combmtioti^ to express that combinatior'^:^ 
which oxygen, in these instances, is supposed to ioxxcz^^ 
with the colourable matters of the solution; foi 
neither in the circumstances of their union, in tb< 
phenomena which attend it, nor in the results whict^^ 
are afforded, does this combination at all resembl^^ 
the ordinary process of combustion. If that proces^^ 
be rightly defined, the combination of oxygen 
certain bodies, accompanied by the phenomena ol 
light and heat, and terminating in the destruction oi 
the properties of the combustible matter, then nc 
process in which such phenomena are not observed, 
and such results afforded, can, with propriety, b( 
named combustion. If the mere union of oxyg< 
with combustible matter were sufficient to constitute 
combustion, then the living functions of vegetation— 
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and respiration, and the several processes of fermen- 
tation and putrefaction, would all fall under the same 
denomkiatbn ; but who, that duly considers the na- 
ture, the purpose, and end of these several opera- 
tions, would desire thus to confound them, under 
the general title of combustion? It is evident that 
the black residuum which M. Berthollet seems to 
connder as evidence of actual combustion, was not 
the rMult of the natural combination of these bodies, 
but of. the artificial heat to which he submitted them 
in the process of evaporation. 

S64i. Dr Bancroft, in his valuable treatise on the 
•* Philosophy of Permanent Colours,** remarks, that 
it cannot be M« Berthollet's intention to apply the 
term domhmtiofij to alterations which result from 
a simple addition of oxygen to colourable matters, 
wittiout a destruction or separation of any of their 
component parts. Various acids, says he, which 
contain oxygen, weaken or extinguish colours, not, 
however, by any effect which can properly be term- 
^ conibustion ; for none of the colourable pagts are 
{iestroyed or carried away, and the addition of an aU 
lajji restores the original colour. Many dyed sub- 
stances, he adds, have their colours dissipated by ex- 
posure to the sun and air, without any other change 
of tint than the simple diminution of their original 
body, or quantity of colouring matter ; so that the 
cloth is left as white as before it was dyed, without 
any thing like combustion having ever taken place in 
it, or in the matter with which it was dyed *^ Instead, 
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therefore, of considering the green colour, in Sene# 
bier^8 experiments, to have been destroyed by com? 
bustion, be supposes it to have been effected by the 
operation of oxygen, and conceives the precipitate 
that was formed to have been the colourable matter 

■ 

saturated wirh oxygen *. 

365. This opinion, that the discharge of colour 
depends on the simple addition or combination of 
oxygen, appears tp us not less gratuitous thaflL that 
of M. Senebier, which considers it to arise from the 
escape of carbon ; for, though it be granted that 
oxygen disappears, yet we are not told into what 
combination it enters, nor in what way it acts on this 
colourable matter. Dt Bancroft himself, in his ol>- 
servations on BerthoUet's doctrine, remarks, that the 
muriatic acid discharges colours in the same manner 
as other acids, although it has never been prove4 to 
contain oxygen ; or, if it do, this oxygen is united 
by an affinity too powerful to be overcome by any 
known substance or means* When, therefore, says 
he, thjs acid changes or destroys colours, it must be 
by producing effects different from those of cornbna? 
tion ; and as these changes are in most cases simi|f|i 
to those produced by the other acids, which contain 
oxygen, it seems reasonable to conclude, that these also 
act upon colours by producing other effects than those 
of combustion f. If, however, this reasoning be ira- 
lid against the hypothesis of combustion, because the 
muriatic acid cannot afford oxygen to carry on that 
process, it must, for similar reasons, apply, equally, 
against Dr Bancroft's hypothesis, which ascribes the 
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discharge of colour to die simple combinatioa of 
oxygen* 

366. But, if it thus appear, that the muriatic acid 
discharges vegetable colours^ like other acids, at« 
though its oxygen cannot be separated, may we not 
presume that these other acids act not in virtue of 
die oxygen which they contain, but by reason of 
dieir acid properties alone ? And since we also know 
that oxygen gas readily combines with the carbon of 
vegetables, and forms an acid substance, may we not 
farther presume, that the oxygen, employed in these 
experiments, really entered into such a combination, 
and that the acid, thereby formed, contributed to 
the discharge of the vegetable colour ? 

S&7. That carbonic acid is really formed, when 
<»ygen gas is placed in contact with this green solu- 
^3oii, seems almost certain from the following fact. 
Xfy says M. Senebier, sulphuric acid be poured into a 
^n solution, which has been previously discolour* 
by light, it occasions a strong effervescence, the 
Xnixture then reddens, and a white precipitate is 
thrown down, similar to that which the green tinc- 
ture affords, when, in its coloured state, it is made 
%o combine with the same acid*. There can, we 
Ikhink, remain little doubt, but that the elastic matter,. 
Xdiich is thus driven off* by sulphuric acid, is carbo- 
^9tBC acid gas ; and hence, when oxygen gas disappears 
in these experiments, and combines with the colour* 
nble matter, the discharge of colour that ensues is 
not properly to be ascribed, as M. Senebier supposes. 
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to the simple removal of carbon^ nor, as Dr Ban- 
croft believes, to the simple addition of oxygen, but 
rather to the action of the acid compound^ which 
these elementary bodies compose. 

368. M. Bergman is said to have proved that alco- 
hol attracts double its bulk of carbonic acid ; and» 
therefore, this acid will necessarily be attracted by 
these solutions, as fast as it may be formed. To 
prove that, like other acids, it is able to dischar^fe 
their colour, we inverted a bottle, filled with greea 
solution, in the pneumatic trough, and i>assed up in* 
to it a stream of carbonic acid, as it i^su^d from the 
mouth of a retort, that contained carbonate of lime 
and diluted sulphuric acid. A considerable portion 
of the solution was allowed to escape, and the colour 
of the remainder was rapidly discharged, so that it 
was reduced nearly to a colourless state :. and when 
suffered to remain at rest, a flocculent precipitate sub- 
^ded, and left the liquor perfectly transparent. A 
similar effect was produced, but much more slowly, 
by breathing through a tube into a bottle which 
contained a quantity of green solution ; and as nitro- 
gen gas has been shewn (S61.) to effect no change in 
the solution, the discharge of its colour mi^t also, 
in this instance, have been caused by the action of 
carbonic acid gas. Thus, then, we see, not only 
that carbonic acid is formed by the solution, when it 
is exposed to the light and air, but that it possesses, 
idso, the power pf discharging its cqlour, in circum- 
stances where it must be considered to act by the 
exertion of its acid properties alqne. 

369. This con(;lusion is farther supported by the 
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facty that the colour which is discharged, when the 
green solution is exposed to light and air, is again 
restored, according to M. Senebier, by the addition 
of an alkali^ ; and we found, by experiment, the 
same restoration of colour to be made when an alkali 
*va8 added to the solution which had been deprived 
of colour by the direct application o^ carbonic acid. 
The green colour, however, did not resume its former 
intensity ; and M. BerthoUet remarks, that when the 
green solution has undergone all the discolouration 
from exposure which it is able to exhibit, alkali then 
produces in it no change f. 

370, The phenomena afforded by these solutions 
of the colourable matter of vegetables in alcohol, 
agree with those which are presented by infusions of 
the same substances in water. The flowers of most 
plants, and also the leaves of many, yield to water 
materials which become red or green, according as 
acid or alkaline matter is made to predominate in 
them ; but if the acid and alkali be furnished in cer- 
tain proportions, the colour disappears altogether, 

37 1 . Not only, however, is the green colour of 
vegetable infusions destroyed by the direct application 
of acidS) but, like that of the green solutions, it is 
gradually discharged by exposure to the air. -M. 
Becker remarked, that if a vegetable infusion, that 
has been made green by alkali, be exposed to the 
air, it gradually passes to a yellow colour |. This, 
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however, is not generally true; for we found the 
blue infusion of red cabbage, which had been first 
rendered green by an alkali, to acquire a red colour 
by exposure to the air. Indeed, it is reasons^te to 
expect, that different plants should furnish colourable 
juices which are variously affected by chemicat 
agents, since not only do vegetables vary in their 
properties from each other, but their colourable mat- 
ter is often extracted from different parts of the plant. 
Tliese colourable matters not only possess pecufiar 
properties, but differ essentially from each other, says 
Dr Bancroft, and must therefore be applied in different 
ways, and with very different means, to produce per- 
manent colours in other matters^ Many species^ 
however, of these colourable matters suffer, he adds^ 
nearly similar changes from the action of acids, aUu^ 
lies, and other chemical agents ; from which it may 
be presumed, that there is something of a common 
or similar nature In many of them ♦, 

372. That the discharge of colour in the forego- 
ing examples, proceeded from the formation of an 
acid, seems to follow from the experiments of M. 
BerthoUet. He placed portions of tincture of turn- 
sole in contact with oxygen gas, over mercury, both 
in darkness and in the light of the sun ; the first 
portion continued a long time without alteration, and^ 
without producing any diminution in the air, but t|i& 
second lost its colour and became red ; the oxygeik. 
gas had in great part disappeared and a little carbo-- 
nic acid was formed, which, doubtless, says M« Ber-* 
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^Uet produced the change of colour from blue to 
Ted^« Hence, therefore, we learn, that vegetable 
iafiisioas, like the solutions before mentioned (S670» 
form carbonic acid, when they are placed in contact 
with oxygen gas; and that this acid, when thus 
formed, is able to discharge their colour. 

87d. Thus, then, it appears, that the phenomena 
Ofhibited by solutions of the colourable parts of ve- 
getables in alcohol and in water very nearly agree ; 
that both are rendered respectively red or green by 
the predominance of acid or alkaline matter ; and 
tbat, according to the proportions in which these in* 
gredients exist, various intermediate tints are produ- 
ced. Even the pale liquor, obtained by digesting 
fldobted leaves in alcohol, was found by M. Senebier 
to become green by the addition of alkali f ; so that 
diese leaves contain resinous or colourable matter ^ 
^lar to that which green leaves afford, and the chief 
difference between the two solutions is in their pro- 
portion of alkaline matter. 

574. But acids and alkalis not only change the 
Colourable matter of vegetables, when it is extracted 
%>y alcohol or water, but they act also on the entire 
leaf. Sulphurous acid quickly discharges the colour 
^ green leaves, and when these leaves are plunged 
ill the vapour of nitric, muriatic, or sulphuric acids, 
they pass rapidly from a green to a yellow colour. 
Etiolated leaves suffer at first no change, but at length 
become whiter. Similar effects are produced in green 
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leaves, when immersed in water charged with thest 
several acids ; for they exhibit, at first, a fawn co« 
lour, and then become white; but etiolated leaves 
are not sensibly affected *. We observed, in some 
instances, that the green leaf not only became yellow 
or brown in acid liquors, but the liquor itself acqui- 
red a reddish hue. These effects of acids aa the co- 
lours of leaves are also visible in common culinary 
processes ; for waters, denominated hard, from con* 
taining an excess of acid, greatly discolour the vege- 
tables which are boiled in them ; and the green co- 
lours of pickled vegetables are very much degraded 
by the action of the acid liquor in which they are 
preserved. 

375. As acids are thus found to discharge the 
green colour of plants, so alkalis may be expected to 
improve it i and experience confirms the expectation. 
If green leaves, says M. Senebier, be plunged in al- 
kaline liquors, they preserve their colour, and the li- 
quor acquires a greenish tint Leaves r^idered yd— 
low by decomposition become brown in alkalinea 
fluids ; but etiolated leaves, and those which <are 
dened by age, pass to a green, though this did 
happen to the etiolated leaves of the French bean f^ 
We observed, that if water of potassa, or muriate 
soda, was added to the water in which green leav< 
were infused, it improved their colour ; but if the 
green colour was first degraded by the action of the 
water, these substances did not restore it. 

376. If, then, it be established, by the foregoing 
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that the matter iivhich ^ves rise to the greea 

colour, of plants (359.) resides principally in the 

juices of their leaves; if these juices, when extracted 

by water or alcohol, exhibit, in various instances, yd- 

low» brown, red and green colours (368. et seq.), ac 

cording to the proportion of add or alkaline matter 

which they may contain ; and if, farther, the entire 

leaves themselves (374. 5.) exhibit similar changes of 

ccdour when exposed to the operation of the same 

agents ; may we not reasonably presume, that these 

same agents, if present, will exert a similar action on 

the leaves during their growth ? Let us then inquire 

wheth^ the actual condition of green and of white 

l^yes authorises us to conclude that they possess 

corresponding proportions of alkaline and acid mat- 

. 377. With respect to green leaves, it is known, 
that these, and other green parts, afford alkali in much 
larger quantity than any other parts of the plant. 
^|iom. a report made to their government by the 
French chemists, it appears, that herbaceous plants 
^iflFord five times more ashes than large trees, and that 
*the leaves of trees yield more than their trunks *• 
Jllkaline salts, says M. de Saussure, form, beyond 
comparison, the most abundant ingredient in the ashes 
of heii>aceous plants. In many instances, the ashes of 
young leaves, growing on a bad soil, contained at least 
three^fourths of their weight of alkaline salts; the 
young leaves of trees also contained half, or some- 
times three-fourths, of their weight of these salts, but 
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the proportion diminished as the plant advanced ia 
age*. These facts prove that the green parts of vegetftF 
bias contain saline compounds in great abundance : and 
since it has been shewn, that the colourable juices of 
leaves (369.)^ and the leaves themselves (375. ), have 
their green colour improved, or are even changed 
from white to green, by the addition of alkaline mat- 
ter, the same chemical changes must occur in the li# 
ving leaf, if means can be found to decompose its sa- 
line compounds, and thus, by releasing their acid 
part, to occasion an excess or predominance of alka- 
line matter. 

378. Now the decomposition of carbonic add in 
plantSj by the agency of solar light, seems to be die 
mean employed by nature to accomplish dus par^ 
pose ; for, by this mean, the acid is not only widi^ 
drawn from its combination and expelled, but the 
alkali is, at the same instant, rendered predominancy 
and exists in a state fitted to exert its specific 
on the colourable juices of the leaf; and this acdoB 
as we believe, it does exert, and the leaf, in 
quence, exhibits a green colour. The colouration o; 
the leaf, therefore, is not immediately owing to 
expulsion of oxygen, nor even to the subtractioa 
carbonic acid, but to the predominance of 
matter which this subtraction of acid occasions i 
consequently, the verdure succeeds to the decompo 
sition of carbonic acid, and the evidence of that 
composition is the expulsion of oxygen gas. 
therefore, to speak correctly, we cannot so properl^^ 
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say, that the green leaf affords oxygen, as that it be- 
comes green when that gas is expelled ; and tlius it is 
that the decomposition of carbonic acid by solar light 
g^ves rise at once to the production of o::i:ygen gas, 
and to the formation of the green colour in plants. 

379. The relation which we feave thus traced be- 
tween these operations, enables us to explain why 
the expulsion of oxygen appears to take place only 
fTom the green parts of plants, since it is only when 
oxygen is expelled that those parts acquire a green 
colour; why light is equally necessary to the expulsion 
of oxygen and to the production of the green colour, 
because alkaline matter cannot be rendered predo- 
niinant, and produce this colour, unless carbonic acid, 
which affords the oxygen, be first decomposed ; and, 
Jastly, why no oxygen is produced, and no green 
tolour is formed in darkness, because no carbonic 
add is then decomposed, and its presence suspends 
the action of the alkaline matter. The mode, how- 
ever, in which these operations are carried on in the 
leaves, the circumstances in which they take place, 
and the agents by which they are effected, all con- 
^ire to prove that the processes are purely chemical, 
and proceed in a manner entirely independent of 
those fhnctions, which contribute to the evolution, the 
growth, and nutrition of the plant. 

S80. Such is the view, which, in the progress of 
our researches, we have been led to form of the 
causes which influence and produce the green colour 
of plants. To us they appear sufficient to account 
for the phenomena ; and they are, indeed, so fami- 
liarly and precisely illustrated by the well-known. 
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tfiaAges of cotour \(^hich vegetable mfusions exhibit 
from the action of alkaline matter, that we much 
\ironder the opinion has so long slumbered in obscii- 
fity, although, from the erroneous views which have 
prevailed concerning the changes which vegetables 
pi'oduce in the air, its full development could hardly 
be expected. An opinion, indeed, approaching to 
that which has been now delivered, seems to hsLYe 
occurred, more than a century ago, to M. Geoffroy, 
who attributed the green colbui* of vegetables to the 
combination of a highly rarefied oil with the fixed 
and volatile salts of the sap ; and this opinion hJe waft 
led to form, from finding that a solution of the esseiN 
tial oil of thyme in alcohol became green by the addi^ 
lion of oil of tartar *• 

SSI. But M. Geodroy, says M. Senebier, in his 
remarks on those experiments, did not see that the aC- 
kali alone always produces these effects upon the e- 
tiolatcd parts of plants, upon their green solutions 
which have been disccioured by light, upon their es- 
sential oiis^ and even upon the pale and velk)w tinc- 
ture of etioiAted loaves \ It is snie, that, by con- 
xderiag th:$ rircned v^il as ncce^ssary :o tie prodac- 
tion of colour, M, G^viTroy dep-arcovJ from, or lath^ 
U'U short of tho truth, which is :ho r.«ore to be won 
Jcrc\i it* :i> he wjis w<\l iwaiv of the eaetts wl 
the sjime Alki'is rcNxJ^oe in orciTwiry T^pgtsbie rofiy 
^^as. If, howvwT. it ;v i,Io..iSe ro s^ibtsdnite dk^^ 
TxTTA oo'.xn;rji>*e r.u::er -or o$;s;ctir^[ o£I. cr re cc! 
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der" the elementary nature of these substances as 
nearly the same, then the opinion of M. GeofFroy 
vill come near to a true expression of the feet. It 
is, we think, miich more remarkable, that M. Serie- 
bier, who saw all that he has mentioned, and much 
more that ^tie shall have to^ relate, was yet trtfned 
aade from the conclusion to whfch his experiments 
•Batufally led, by the influence of an hypothesis which 
had nothing' betteif than a name for its support. 



.' M2,* But if the c61our of green leaves depend, as 
we' have istipposed, on the predominance of -alkaline 
matter (378.), thit of white leaves may reasonably 
be presumed to arise from thie deficiency of it ; and 
the experiments of M. Senebier pfove that such is 
the feet. Not only did he find alk^alirie matter to be 
less abundant in etiolated than in green eaves, but 
to exist in a more neutralized state ;' and may not, 
says he, this neutralization be produced by the 
union of the carbonic acid, in such leaves, with the 
alkali which they contain * ? This acid he actually 
found, by other experiments, to abound most in etio- 
' lated leaves t ; and his results are confirmed by those 
obtained . by Davy (25.) and others. Since, there- 
fore, eti6lated leaves not only contain less alkali than 
those which are green, but this alkali is neutralized, 
or even supersaturated, by a predominant acid, it is 
not to be expected that it should produce its usual 
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Effects } and such leaves, therefore, like green infii* 
sions which have been exposed to the air or mixed witb 
acids, will, from a similar cause, experience a simil2tf 
degradation of colour, and exhibit only a white or 
yellow hue. 

S8S. But, farther, if carbonic acid thus supera* 
bound in etiolated leaves, and destroy their coloaTf 
by modifying or overpowering the action of sdkalin^ 
matter, this etiolation must continue as long as tti^ 
acid is thus retained ; and this must happen as long 
as the plant is kept in darkness, since little air is a£^ 
forded by etiolated leaves, and that little is always in'* 
pure*. Hence, therefore, the etiolated state c^-^ 
plants dq>ends immediately on a deficiency of aika.*-^ 
fine, or on a superabundance of acid matter, b^ 
which the usual operation of the alkali is i^daced oi^ 
counteracted : but the sun's rays, by withdrawing* 
and decomposing this excess of acid, enables the al«--- 
kali to resume its former action, and thereby to re— ^ 
store the green colour of the leaf. This view, there-^ 
fore, corresponds with the local operation of light 
(^35 5.) J in the restoration of the green colour j with 
the fact of the formation of this colour in leaves 
(356.), in which vegetation is necessarily suspended ; 
with the results of those experiments (375^), in which 
white leaves were rendered green, by hnmersiba in 
alkaline fluids ; and also with those, in which the 
i^hite juices of such leaves (373.) were made green^ 
by the addition of alkaline matter. 

384. These views, respecting the colouration of 
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leaves, seem- also to explain, not only why they lose 
their verdure in darkness, but the cause of that degra- 
dation and change of colour which they experience 
ia autumn, at the period, and during the time of their 
fell. There are many reasons which make it proba- 
ble, that alkaline matter is constantly conveyed into 
the plant, during every period of its growth, and is 
thus constantly supplied to act on the colourable mat- 
ter of the leaves. When, therefore, vegetation fails^ 
this alkali will be less abundantly supplied, and the 
acid will proportionally prevail. But not only will 
die alkaline matter, at this period, be thus diminished, 
but the quantity of acid will be increased ; for, as 
vegetation declines or ceases, spontaneous decompo* 
sition will begin, and the acid matter thereby deve* 
loped will counteract or overpower the alkali ; so 
that, according to the different proportions in which 
these ingredients meet, the colourabll juices of the 
plant will be differently affected, and will thus ex* 
Mbit those various brown and yellow tints, which 
Compose an autumnal scene. 

SS5. But the green colours of vegetables, not on- 
'y pass to a yellow or brownish hue, but sometimes 
change to red. The leaves of the oak, of the pear, 
^he vine, and barberry, often exhibit this colour : and, 
%incng herbaceous plants, the leaves of buck-wheat, 
Strawberry, and amaranth do the same. It is only 
Xvhen they have attained to maturity, or are about to 
fall, or when they have been injured by insects, says 
1^. Senebier, that they present a red colour. In 
^hose leaves which turn red before they fall, the red- 
ness first appears in the stalk ; i^ others, the redxi^^^ 
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begins a.t the summit, and, spreading oyer the surface, 
gradually reaches the stalk. The leaves of some 
plants pass from green to yellow, and afterwards 
become red ; those of other plants become red only 
when exposed to the sun, and assume a yellow co- 
lour in the shade ; while others pass from red 
to yellow, after they have fallen. It often hap- 
pens, that many leaves which usually redden, be- 
come dry without exhibiting this colour j and appa- 
rently without regard to the immediate influence ei- 
thei: of light or of heat. In all cases, red leaves lose 
their redness after a certain period, passing to yellow 
and white, and the direct action of the sun seems to 
accelerate these changes *. 

386. In this transition from a green to a red co- 
lour, the nerves and stalks of the leaves never red- 
den. As these parts were not previously green, it re- 
sults, says M.flenebier, that it is the green matter a- 
lone which suflFers this change of colour ; and hence 
the stalks of the mdampyrum^ which were previous- 
ly green, become red like the other parts of the leaf. 
In general, the superior surface of the leaf first 
changes colour, and often passes through various- 
tints into yellow, before the inferior surface ceases tc^ 
be green f- 

387. The leaves, which have thus become red b^ 
age, yield to water a yellowish red or brick colour^ 
and a red one to alcohol. The green leaves of th^^ 
Canadian vine impart their green colour to alcohol — 
but the red leaves of the same plant tinge it redi- - 
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Which passes afterwards to orange. If sulphuric a- 
oid be poured into the green solution, it reddens it ; 
and the red tincture is rendered green by alkalis. 
The red leaves of this vine lose their colour in wa^ 
ter charged with sulphuric acid, but the water ac- 
quires a lively red tinge 5 and the same leaves, im- 
mersed in an alkaline solution, have resumed almost 
their primitive green colour *. As thus the leaves 
of the same plant, in their green and red states, 
yield their respective colours to alcohol ; as these dif- 
ferently coloured solutions pass to red or green, ac- 
cording as acid or alkaline matter is made to predo- 
minate in them ; and as the entire leaves themselves 
exhibit similar variations in colour, when exposed to 
Ae operation of the same agents, we may fairly con- 
clude, that the several tints which these leaves exhir 
Mt, in the successive periods of their growth, matu- 
rity, and decay, depend essentially on analogous 
changes, which take place in the condition of their co- 
lourable juices, according as these juices are modified 
by the operation of those causes, which vary the state 
*nd proportions of their acid and alkaline matter. 

388. This rediiess of autumnal leaves, M. Geof- 
frey, indeed, ascribed to an acid developed at that pe- 
riod, which, by overpowering the alkali, gave rise to 
the red colour, in the same manner as distilled vinegar 
changes a green solution to a red colour f. And M. 
■^^Uebier himself, who, as we have seen, attributes the 
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green colour to a cause diflferent from that of an al- 
kali, nevertheless ascribes the red colour, in these 
instances, to the predominance of acid matter, which 
is developed under that incipient decomposition 
which the leaves, at the decline of vegetation, expe- 
rience *. The production of acid matter by vege- 
table infusions, in their transition from a green to a 
red colour (372.), leads M. Berthollet also to believe, 
that an acid may be developed in tho^e leaves which, 
in autumn, redden before they pass to yellow t- 

389. But besides this red colour, which the leaves 
of different plants exhibit, in the more advanced pe- 
riods of their vegetation, there are other leaves, says 
M. Senebier, which proceed red from their buds, 
and become green only in the latter periods of their 
growth ; such are those of the apricot, the walnut, 
the maple, and the pear, the leaves of which last plant 
are of the same colour in their earliest and most ad- 
vanced age l* In these instances, in which t)ie young 
leaves are at Rrst red, it is easy to suppose, that the 
colourable juices contain an excess of acid, which en- 
ables them to exhibit this colour ; but by the actioo— 
of the solar rays, this excess, at a later period, 
reduced, and the alkali becoming finally predomi 
nant, gives rise to its accustomed hue. In the youn 
leaves of most buds, the colour is only white, indi^ - 
eating a less proportion of acid ; and these leaves^ 
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too, become green under a similar exposure to the 
solar rays. 

390. But although the light of the sun thus con- 
tributes to produce the green colour of plants, yet, 
as it operates chiefly by decomposing acid matter, and 
thereby reducing its predominance in the colourable 
juices of the leaf, it follows, that its agency is not es- 
sential to this production of colour, if the alkali, from 
any other cause, can be rendered predominant in 
those juices. Thus, when the colourless solutions of 
etiolated leaves, or the colourless infusions of flowers, 
are rendered green by alkalis, the agency of light is 
no way concerned in producing the eflfect ; and so, 
likewise, if the alkali, in living plants, can, in any 
way, be rendered predominant, under circumstances 
where light is excluded, still the colourable juices of 
the leaf may, nevertheless, be expected to exhibit 
nu)re or less of a green colour. M. Senebier re- 
marks, that the leaves of etiolated French beans often 
Qchibit a green appearance at the part where they 
<U'e connected with the stalk ; and this appearance is 
«een at the commencement of vegetation, while the 
Seed is yet buried in the earth, and before light, 
therefore, can have come into contact with it ^. So, 
Ui^wise, the buds of the chesnut, while enveloped 
**i their thick and gummy cases, possess a green hue 
^fore their development ; whence, says he, it is not 
^o be doubted, that vegetables, and parts of vegeta- 
bles, may be coloured green, although light does not 
Seem to act immediately upon them f. 
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391. We have already seen, that, in a very wea 
and diffused light, some plants appear to decompof 
carbonic acid, and to retain their verdure ; and man 
leaver also, which grow, in the shade, are not le: 
green than those which are fully exposed to the sui 
All such facts may be easily explained, on the suppi 
sition that alkaline matter naturally superabounds i 
the plant, and produces its specific effects on the 
colourable juices ; while, in other cases, the direi 
agency of light is more or less necessary to withdraw 
and decompose the acid, M'hose presence prevent 
the appearance of the green colour. It is, howevei 
highly probable, as M. de Saussure observes, thj 
carbonic acid is decomposed in plants, even in a ver 
weak light (312.), although, from the slowness c 
the operation, and the immediate consumption of th 
oxygen by vegetation, the fact caimot be easily d( 
tected. Such an opinion permits us to suppose 
redundance of alkaline matter, without resorting t 
the les$ obvious supposition of an unusual supply c 
It, to counteract the effects of the retained acid. 

392. Besides those transitions from red to green 
which the young leaves of certain plants have bee 
shewn to ei^hibit, there are other leaves which pn 
sent contrary characters, being at first nearly green 
and becoming at length perfectly and permanenti 
red. The red cabbage affords an example of thi 
kind; and a comparison of its peculiarities with thoE 
qf the green variety may assist us in explaining i: 
cause. In the common cabbage, all the leaves whic 
are exposed to light, acquire a green colour, whil 
those in the centre or heart of the plant have but )i 
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tie of a greenish hue, or are entirely white. These 
white leaves, however, have been shewn (373.) to 
contain the same colourable juices as those which 
are green, and, when extracted by alkohol, they pas$ 
to a green colour by the addition of alkaline matter. 
Hence the colourable matter is more or less distri- 
buted through the whole plant ; and, in the manner 
already stated, it is rendered white or green accords 
ing as the plant, or any part of it, is exposed to, or 
secluded from light. This colourable matter, as we 
before remarked, is chiefly contained in the parent 
chyme of the leaf, and the colour is transmitted 
f through the epidermis w^hich invests it. 

.393. In the red variety, however, the colour is 
Hot communicated by the juices of the parenchyme, 
but by the outer skin or epidermis itself ; while the 
parenchymatous juice beneath is yellow or white. 
The redness, too, of this plant is seen both in those 
leaves which ate secluded from light, and in those 
Vrhich are exposed to its action ; consequently this 
agent exerts no immediate effect in their colouration. 
The leaves of this cabbage yield a bluish tint to wa- 
ter, which, like that of turnsole, is rendered red by. 
exposure to the air, or by impregnating it with car- 
bonic acid. In the same manner, it is rendered greeu 
by alkalis, so that the red cabbage n^ust coatain a 
Colourable matter, similar to that which is diffused 
through the green and white leaves of the common. 
Variety. This, indeed, is easily seen by inspecting 
^he plant itself ; for though the skin of its, leaves ii^ 
*'ed, yet the parenchyme of the outer leaves is, ii^ 
^my parts, sensibly green, and transmits tveri ^. 
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^usky green hue through the red covering which iik 
vests it. So, likewise, those portions of leaf, whid 
have been infused in water or alkohol, and thereb' 

• 

nearly deprived of coloiu*, become red or green, ac 
cording as they are immersed in acid or alkaline li 
quors ; and the same may be said of the substanci 
of the parenchyme, from which the epidermis ha 
been previously removed. Hence the same coloura 
ble matter resides in the leaves of the red cabbage a: 
in those of the green variety, as is thus manifested b) 
its undergoing the same eflfects, when exposed to the 
operation of the same agents. Consequently, the 
difference of colour in the two varieties is to be sought 
in that of the epidermis alone. 

394. Now, the cause of the red colour in this epi- 
dermis appears to be that same predominance of acid, 
which occasions it in other instances; for the rec 
tint, which these leaves afford to alkohol, is not a£ 
fected by exposure to the air, but is exalted by acids 
and rendered green by alkalis ; and these transmuta 
lions of colour may be indefinitely repeated. If, fac 
ther, the epidermis be raised, and carefully remove 
by dissection, it will be changed instantly to a ri(r 
green colour by immersion in an alkaline liquor, am. 
may be again restored to a red hue by plunging : 
in an acid ; but if the immersion in alkali be pre 
longed, the colourable matter dissolves, and the gree3 
tint passes into yellow. If, also, pieces of the eatirt 
red leaf be immersed in acid liquors, the edges of 
the parenchyme soon change from green to red, and 
the colour of the epidermis is at the same time coq- 
::^iderabiy heightened ,:^ whlle^ in alkaline fluids, simi* 
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iar porrions of leaf have the green hue of their paren* 
chyme improved, and even the red epidermis finally 
assumes a green colour. This alternate change and 
exaltation of colour, according as acid or alkaline 
matter is made to predominate, authorise us to as- 
cribe the production of colour, in the epidermis of 
these leaves, to the same excess of acid which imparts 
the red tinge to autumnal leaves (387.), and to the 
young leaves of certain other plants (S89.), although 
the seat of colour be placed in a different part of the 
Vegetable structure. 

895. In the same manner, the colour of certain 
i'oots, as of the radish, of some varieties of potatoe, 
^nd of the turnip, seems to reside in the outer coat, 
^hile, in the carrot and beet, it is diffused througK 
the substance of the root. In the radish, the colour 
Extends over almost the whole root ; in the turnip, 
it IS confined to that part which is exposed to light ; 
Mid even the radish, where it comes into contact 
'^th light (286.), assumes a purple hue. Now, if 
light operate in the way that has been stated, it will 
^^ously affect the colours of these parts, according 
to the degree of its action. It is, as we have seen^ 
in the green parts alone that oxygen is largely ex- 
pelled ; in other words, that carbonic acid is largely 
decomposed ; and, therefore, it is in those parts only^ 
Aat the alkali is enabled to exert its full effect. But i( 
fte light act in a less degree, and decompose less 
Scid, the alkali will be less predominant, and im- 
1^ hot a full green, but some modification of pur- 
ple. 
S96i fo illustnuon of these views, vve \na^ ti* 



mark, that the skin of the turnip, beneath the soS, 
where light cannot act, is entirely white,, because die 
alkaline matter is fully saturated with acid ; in the 
part above ground, the colour is purple from a par- 
tial decomposition of acid ; and in some parts, it b& 
comes nearly green as more acid is decomposed, and 
the alkali exerts a fuller degree of action. We hafc, 
also, often observed different parts of the same leaf of 
this plant to exhibit green, yellow, red, and purple co- 
lours, from accidental circumstances, which deter- 
mined, as we suppose, in different degrees, the pre- 
dominance of 2[cid or alkaline matter. Thus, too, in 
the root of the radish, where it is entirely secluded 
from light, the acid may be conceived to prevadl; 
but exposure to light effects a partial decomposition, 
which reduces the excess of acid matter, and permits 
the purple tint to appear. This series of changes is 
well shewn by an infusion of red cabbage, which has, 
at first, a bluish tint, but passes through various 
grades of purple to a confirmed green, by successive 
additions of alkaline matter : or, if an acid be em- 
ployed, the same infusion is gradually heightened to 
redness, and may be again brought back to purple 
by adding to it alkaline matter. And since the ac- 
tion of light, in the colouration of plants, has been 
shewn to be entirely local (356.), it follows, not only 
that a succession of colours may thus be produced in 
the roots or leaves, but that various colours may, at 
the same time, be present in different parts of the same 
leaf or root, according as it is more or less subjected 
to the influence of light, and, probably, according as 
the structure of the plant, and the qualities of its co- 



14S 

kmnd>Ie matter, more or less favour or modify the 
operation of this agent. 

d97. The foregoing observations are farther ap^ 
pKcable to those chequered or party-coloured leave^ 
many of which draw so much regard from their 
degance and beauty. In many instances, these apr- 
pearances proceed from age, from injury, or disease : 
.hut the regularity and uniformity of the colours, ih 
other ciases, indicate a natural state of the plant. In 
Ae perjoliata pictis JbliiSy says M. Senebier, the 
peen leaves are spotted with yellow. The green 
ieaves of the pimpernel of the mountain have yellow 
Gripes. In a species of aloe, the middle part of 
die leaf is green, and the borders are yellow, 
while others are green and yellow, or yellow and 
fft&[L^^ Now, in green plants, the yellow colouf 
i&, formed by reducing the green, as in the leaves 
which fadi in autumn, and this is effected by the 
development of acid' matter. If, therefore, acid nj^ 
t^rally prevail in one part of a leaf more than in 
wother, a proportional degradation of colour will 
be produced, and this, too, in particular parts or 
places, according, probably, to variations in the 
structure of the leaf, or some other accidental cir- 
cumstance J sa as to give rise to that mixture of 
green and yellow which has been above stated. 
Should the acid abound still more, it may, as in cer- 
tain red leaves of autumn, give rise to a red colour. 
Thus in the tri-coloured. amaranth, the leaves are, at 
the same time, green, yellow, and red ; but this is 
inost frequent in autumn, as the power of vegeta» 
tioll declines f. 
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398. The red matter of these tri-coloured leaves is 
soluble in water, and is dissipated by light, leaving 
a yellow resinous matter, in which acid abounds *• 
It is also rendered green by alkalis t,— an observadcm 
which suggests the probability that its redness d^ 
pends, as in other cases, on an excess of add. 
Hence, then, the green colour of certain parts of these 
leaves would seem to depend on an excess of alkafi, 
the yellow on a smaller portion of that substance, 
and the red on the predominance of acid matter:— 
all which colours are, in succession, exhibited by au- 
tumnal leaves, and by certain vegetable infusions, 
when submitted to the action of acid and alkaline 
matter. Of the truth of these opinions, an observa- 
tion of M. Senebier affords additional evidence ; for 
he remarked, that the tri-coloured leaves of the anuh 
ranth, exposed under water to the sun, afford air 
from their green parts alone, while the red and yel- 
low portions yield no air | ; so that, in the same leaf, 
we see the green colour accompany the decomposi- 
tion of carbonic acid, and the yellow and red colours 
continue, when this acid is retained. 

399. The general causes which thus give rise to 
the colour of leaves, seem, likewise, to act in the 
colouration of flowers. We have already noticed 
(25.) the agency of light in the production of these 
colours, by observing that roses, if kept in perfect 
darkness, are altogether deprived of colour. Blue 
hyacinths, says M. Senebier, become grey in dark- 
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ness J poppies are white before their developmeht ; 
abd carnations and roses do not acquire their rich 
hues but a short time before they are disclosed. 
Light, therefore, seems to act through the calyx of 
(he flower in these instances j but the greater num- 
ber of petals are green in the bud, before they are 
exposed to light. Others are white in the bud, and 
redden when they are disclosed *. 

400. M. Becker made a great number of experi- 
ments on infusions of the flowers of different plants, 
by adding to them different acids, and various earthy, 
metallic, and alkaline salts. In general, the acids 
produced in these infusions a red colour, and the al- 
kalis rendered them green, but sometimes yellow* 
h several instances, also, the nitric acid produced a 
yellow colour. All the acids reddened infusion of 
roses, but the alkalis and lime water rendered it yel- 
low, without passing through green. The expressed 
jmces of various flowers were likewise changed, from 
blue or violet to red, by acids ; and brought back 
to their original colours by alkalis, which, if added 
in larger quantity, rendered them green or yellow. 
It results from these facts, that acids and alkalis ra- 
pidly change the colours of flowers ; tha^ acids, ex- 
cept the nitric, render them red, (and it also reddens 
the infrision of roses), while a green colour is con- 
stantly produced by the alkalis. In the change from 
Mue to red by acids, the colour passes through dif- 
ferent grades of purple ; and the gre^n colour, pro- 
duced by the alkalis, passes ultimately to yellow, 
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imich neither acids nor alkalis, nor even light itseliy 
can change *. 

401. Many experiments of a simHar Idnd were 
ihade by Dr Lewis. The colour of many blue 
flowers, he observes, is extracted by water, but not 
by alcohol ; and the expressed juice, also, of such 
flowers, is for the most part blue. Both the blue 
juice and infusion are reddened by acids, and render* 
cd green by alkalis and lime waten The red colour, 
produced by acids, at length fades by exposure f and 
the green, produced by alkalis, changes to yellow^ 
Red flowers impart their colour both to water and 
alcohoL The rose-coloured infusions were acted 
upon by acids nearly in the same manner as die 
blues ; but the full deep reds were not. The deep 
infusion of red poppies was changed not to green, 
but to purple, by alkalis. Yellow flowers give out 
their colour to water and alcohol ; but neither acids 
nor alkalis alter the species of the colour, though 
both of them vary its shade ; acids rendering it paler 
and alkalis deeper. The fine yellow dust of the an- 
thers of flowers gave a fine bright yellow to alcohol, 
and a duller yellow to water, which colours were 
heightened .by alkalis, and turned red by acids. Even 
white flowers contain colourable matter, which 
is rendered green by alkalis, but not reddened hj 
acids* The sulphurous acid vapour, which destroys 
the colour of other flowers, does not affect that of 
white ones f. 
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402. Mr DeUval, also, digested red, purple, and 
blue flowers in acidulated water, and thus obtained 
red liquors, which, by very ^mall portions of alkali, 
were changed to purple, blue and green* The addi- 
tion of the alkali must, he says^ be very gradual ; 
for if too much be added at once, the intermediate 
colours between the red and the green will not be 
produced. He likewise digested red, purple, and 
blue flowers in alcohol, to which they yielded their 
colourable matter, and became white. From most 
of them, however, the alcohol acquired either no 
colour, or only a faint tinge ; but when it was acidu- 
latedy it became red, and, by the addition of an al- 
kali^ assumed purple, blue and green colours '^« 

403. The foregoing facts clearly shew, that all 
flowers contain a colourable matter, which, whether 
it be extracted by v^dter or by alcohol, experiences 
changes from acid and alkaline matter similar to 
those which the juices of the leaves exhibit, but mo- 
dified, in some instances, by the peculiar qualities of 
the .flowers employed. Hence we may venture to 
ascribe their colours to the diversified operation of 
the same general agents, which produce the coloura- 
tion of leaves j and the infinite variety of tints which 
they afford, must, therefore, be I'eferred to the vari-» 
ous combinations of acid and alkali with their colour- 
able matter, modified by the peculiar qualities of 
Aat matter, and probably by the structure of the 
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piiii itself, as it may affect the reflexion or tiin^ 
mission of light. 

404. That the red colours, at least of the damask 
rose, arise from the action of an acid substance^ may be 
collected from some experiments of M. Senebien He 
remarks, that the petals of this flower are rendered 
white by digestion in alcohol ; but their former colour 
is restored if they be exposed to light and air. If, how- 
ever, they be confined only in nitrogen gas, they do not 
recover their fine colour, but have only a yellow hue^ 
The sun's light gradually accelerates the restoration 
of their colour, when they are confined in common 
air, but it is not indispensably necessary ; for, where 
the air has free access, these petals resume their co- 
lour in obscurity, but more slowly than when exposed 
to light. When the colour is thus recovered, it is 
again given out to alcohol, and these operations may 
be repeated several times, tmtil the colourable matt^ 
is exhausted. Various other flowers aflford the same 
phenomena, but not in so marked a degree *. From 
these facts, we collect, that, though the sun accele- 
rates the restoration of the colour, yet that air also h 
necessary ; and since it is the oxygenous part of the 
air which alone seems to produce the eflPect, we may^ 
from the analogy of similar changes on the colour- 
able matter (372.) of plants, conclude, that carbonic- 
acid is produced, and by its action restores the co- 
lour. This conehision is supported by an obser- 
vation of M. de la Folie, who remarks, that roses^ 
which have been whitened by the vapour of burning 
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.eulphur, are reddened by acids, and rendered green 
by alkalis *• 

405* M. Geoffroy, in his experiments on the oil 
of thyme, mixed with it different portions of acid and 
alkali, and obtained various tints of yellow, red, pur- 
ple^ violet, blue, green, and black. When the oil 
was dissolved in a considerable quantity of alcohol, 
it afforded a greyish colour, which became blue, by 
the addition of oil of tartar, and was rendered red by 
distilled vinegar, but recovered its blue tint, by a far.- 
ther addition of alkali. In other instances, by the 
use of alkali, the colour passed to green ; so that the 
oil of tartar, says M. Geoffroy, acts differently on the 
essential oil of thyme ; for according as it is more or 
less concentrated, it renders it blue or green. As 
different colours are thus formed by the simple mix- 
ture of oils and salts, M. Geoffroy was led to suppose, 
that similar colours might be formed in plants by the 
same combinations. The principal colours, says he, 
which we observe in plants and in flowers, are green, 
lemon-yellow, orange-yellow, red, purple, violet, 
blue, black, and white ; and of these colours, differ- 
ently combined, all the others are composed. The 
blue, purple, violet, and green, he attributed to the 
operation of alkali ; and the red and yellow, to the 
predominance of acid ; the black he considered to 
be formed by the action of acid on a purple ; and the 
white to be produced by a very copious reflection of 
li^ht, from transparent and colourless particles t^ 
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406. This enumeration of the principal, or funda- 
mental colours of vegetables, will recall to the mind 
of many readers, the system of colours, which the 
celebrated Werner has contrived, and applied to the 
description of the bodies which compose the mineral 
kingdom. The colours of minerals yield, perhaps, 
neither in number, in diversity, nor in splendour, to 
those which vegetables present ; yet they are all re- 
duced to eight, which are regarded as standard or 
simple colours. These colours are white, grey, 
black, blue, green, yellow, red, and brown. Al- 
though several of these are physically compound^ 
yet, for the purposes of description, it is convenienti 
to regard each as simple, and as constituting, in it^ 
pure and unmixed state, what may be denominate 
the characteristic colour. To these eight fundamenta. 
colours, Werner refers all the variety of compoun 
colours which minerals present, employing the pre - 
dominating colour to express the chief character, aacJ 
qualifying it by the others, according to the quantit-y 
in which they appear to enter into the compound ^". 
If, from the enumeration of Geoftroy, we reject one 
of the yellows as superfluous, his number of funda- 
mental colours will agree with that of Werner ; and 
even their characters will difi'er only in two instan- 
ces, M. GeoflFroy considering violet as a cliaracte- 
ristic, or simple colour, which Werner describes as 
a compound of blue, red, and brown ; and the latter 
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has no colour answering exactly to the purple of 
Geoffroy. 

407. It is, however, our object rather to investi- 
gate the general causes which give rise to colour in 
vegetables, than to detail and describe their particu- 
lar varieties and. hues. But if the colourable matter 
of vegetables were extracted in various ways, and 
submitted to the action of acid and alkaline agents^ 
of known strength, and in various proportions, not 
only might a vast variety of tints be produced, but it 
would not be difficult to determine, by calculation, 
the relative proportions in which those agents, in dif- 
ferent instances, contributed to their foriliation. And 
were the fundamental colours properly defined, and 
their grades and varieties arranged, and classified ac- 
cording to the method of Werner, we might perhaps 
obtain not only a regular series or suite of colours, 
answering, in some degree, to the diversity found in 
nature, but might, also, arrive at comparative esti- 
mates of the proportions of acid and alkaline matter, 
by which they were respectively produced. 

408. Lastly, the colours of fruit experience 
changes similar, in many respects, to those of leaves 
and flowers; and, apparently, from the varied opera- 
tion of the same general causes. In their earliest 
state, many fruits are green ; but in the more advan- 
ced periods of growth, they assume different tints of 
colour. To the production of these colours, how- 
ever, the light of the sun seems to be necessary ; for, 
according to M. Senebier, neither peaches, pears, nor 
cherries, acquire their proper lively colours, if, at the 
period of ripening, they are secluded fYom.l\x^ ^cX\ow 
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of light. Those leaves also, which intercept the sun's 
light, delineate on the fruit beneath the bounds which 
they prescribe to its action ; and if a portion of fruit 
be covered with a piece of tinfoil, the uncovered por- 
tion will become perfectly red, while the covered part 
will exhibit only a pale or straw qolour. So, like- 
wise, if grapes, which would have become violet by 
exposure, be inclosed in black paper pr glass, which 
excludes the light, they assume only a grey coloun 
Those green fruits which do not redden, lose also 
their green colour in ripening, and become yellow. 
This change is quickened by the action of light, but 
it also takes place without it ; for many fruits pass 
from green to yellow, although they are secluded 
from Ught *. 

409. The red juices of many fruits are extracted 
by water and alcohol ; and both the solutions, and 
the juices themselves, says Dr Lewis, are sometimes 
made more florid by acids, and generally turned purple 
by alkalis !• The skins of fruits, likewise, yield their 
colourable matter to water and alcohol. The red 
skin of the peach imparts a reel tinge to water and 
alcohol, but the white skin of the same fruit renders 
alcohol green. When the red skin has been thus de- 
prived of its colour, it again assumes it, like the pe- 
tals of roses, by exposure to light and air. The skins 
of different green, red, and yellow fruits imparted 
their respective tints to alcohol, and some, in a. small 
degree, to water J ; and the red tinctures pf these 
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fruits were exalted by acids, and changed to purple 
or green by the addition of alkalis *. The forego- 
ing facts sufficiently prove, that the colourable mat- 
ter of fruits, like that of flowers, and of leaves, is ex- 
tracted by the same means, and acted upon, in a si- 
milar manner, by the same chemical agents ; where- 
fore we are entitled to conclude, that its nature is 
essentially the same, and that it exhibits different ap- 
pearances ^nd colours, according to the modified 
action of those causes which produce the colouration 
of all thb other parts of the plant. 

410. The process of maturation, during which 
the changes of colour in fruits principally take place, 
is known to be accompanied by spontaneous changes, 
^ader which acid matter is developed, and produces 
effects on the colour of fruits not unlike those which 
decomposition occasions in the leaves, at the period 
of their fall. Whatever be the nature of the acid de- 

m 

veloped, its power in producing changes in the co- 
lourable matter will, probably, be nearly the same j 
5Uid the existence of such acid is often sensible to the 
taste, though disguised fre<juently by the presence of 
saccharine matter. It is a farther confirmation of 
these views, that green fruits, like other green parts, 
of plants, were found by M. de Saussure (274.) to 
afford oxygen gas in sunshine; which fact evinces, tha^ 
they not only previously contained carbonic acid, bu^ 
Aat, as in other cases, they became green, when this, 
^cid was decomposed and expelled. 
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Sect. YV.^-'Ofthe Physical and Chemical A^erwy of Lighty 
in promoting the Colouration of Plants, 

411. So far we have spoken of the colours of plants, 
as arising from variations in their chemical constitution 
alone ; and these variations we have attributed to the 
decomposition of their saline compounds, by the agen^ 
cy of solar light. We have next to inquire into th^ .- 
manner in which light exerts this action, a subject oF* 
very nice and difficult investigation, but the impor- 
tance of which will, we hope, furnish an apology foK" 
the apparent temerity of our attempt, even althougl^ 
we should fail in its execution. 

412. Besides this chemical action, which light has 
been shewn to exert, we have also to consider its 
property of imparting colour j for when it has been 
said that the predominance of acid or alkaline mat- 
ter renders the vegetable juices red or green, it 
must be understood to mean only, that such a state 
or constitution of those juices is thereby induced, a.^^ 
in the language of Sir Isaac Newton, enables thera, 
more or less, to reflect or transmit the red, or greefl- 
making rays of light. We do not, however, propose 
to go far into the consideration of these subjects, but 
to select and exhibit such facts only, as force them- 
selves on our notice, by the near connection which 
they seem to have with the more immediate object? 
of our research. 
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413. Since the great aera in science, created by the 
genius of Newton, who first decomposed the solar 
beam, and thus 

** Untwisted all the shiniog robe of day," 

it has been considered, that *' colours are not qua* 
lifications of light, derived from refractions or re- 
flexions of natural bodies (as was generally believed), 
but original and connate properties, which, in divers 
rays, exhibit divers colours *.'* By means of the prism. 
Sir Isaac Newton was enabled to separate the solar 
beam into seven differently coloured rays, which run 
gradually into each other according to their particu- 
lar degrees of refrangibility. Of these rays, the vio- 
let is the most refrangible ; next the indigo ; then 
follow the blue, the green, the yellow, the orange, 
and the red, which is the least refrangible of all. In 
the property of reflexibility, these rays, also, follow 
the order of their refrangibility. 

414. These primary rays of light are simple and 

homogeneal, and cannot be changed in colour either 

by reflexion or refraction. Different mixtures of 

them may, however, be made to compound colours, 

like to those of homogeneal light ; and various other 

colours, unlike to any of those of the primary rays, 

may be also formed by composition. But the red, 

yellow and blue rays are incapable of being produced, 

like all the rest, by the combination of other colours ; 

they are therefore always simple and uncompounded. 

When all the primary rays are mixed together in due 

proportion, they then constitute white light 
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41 3, Having thus examined the several properties 
of the primary rays, this great philosopher proceeded 
to apply his discoveries to the explanation of the per* 
manent colours of natural bodies. These colours, 
says he, arise from hence ; that some bodies reflect 
some sorts of rays ; others, other sorts nwre copious^ 
ly than the rest. Every body reflects the rays of its 
own colour niost copiously, and from the excess or 
predominance of these rays in the reflected light dc" 
rives its colour. And while bodies become coloured 
by thus reflecting this or that sort of rays, it is to be 
considered, he adds, that they stop and stifle in them* 
selves those rays which they do not reflect *. Hence 
it appears that Newton considered all coloured mat* 
ter to reflect light ; and this reflexion he supposed to 
be made by some power of the body which is evenlj 
diffused all over its surface, and by which it acts qq 
the body without immediate contact !• 

416. According to Dr Wells, however, both Kep# 
ler and Zucchius had Jjreviously shewn, by experi- 
ment, that light is reflected without colour from the 
surfaces of bodies ; and that the colours of bodies 
depend, therefore, not on the light reflected by their 
anterior surfaces, but upon that portion which has 
entered their internal parts, and is from thence -sent 
hack through those surfaces |. 

417* Beside the colours which are thus exhibited 
by reflexion, bodies appear coloured by the light that 
is. transmitted through them j and the bodies which 
thus appear of any colour by transmitted lights may, 
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ktso$ says Newton, look of the same colour by re- 
flected light*. But the numerous experiments of 
Mr Delaval prove, that, in transparently coloured li- 
quors, the colouring matter does not reflect any light ; 
and that, if the light, which such liquors transmitted, 
be stopped, they do not vary from their former co 
bar to any other colour, but become entirely blackf- 
This conclusion he extends to transparently coloured 
sdids as well as fluids |. *' The light, also, which 
opaquely coloured bodies, as plants, return to the 
eye, continues Mr Delaval, is reflected by theii* 
white opaque substance ; and the colours of vegeta-^ 
Hes, therefore, are produced by the light reflected 
from this white matter, and transniiitted from thence 
through the colour'ed coat^ or covering, which fe 
formed on its surface by the colouring particles *§; 

41 & Admitting, then, that the permanent colours 
of natural bodies depend on the varied reflexion or 
tfittismission of the diflferently coloured rays, we have 
yet to learn why these bodies reflect or transmit some 
Wfts of rays in preference to others, so as to present 
to oiir view that great diversity of colotlrs which they 
exhibit. Sir Isaac Newton resolves this property of 
bodies into the varying thickness or density of their 
panicles, and lays it down as a general law, that the 
forces of bodies to refract and reflect light are very 
nearly proportional to their densities ; so that nothing 
Diore, says he, is requisite for producing all the co* 
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lours of natural bodies than the several sbes or dej 
sities of their transparent particles *. 

419. These conclusions he drew from obsenriDi 
the colours aftbrded by plates of air and water, siib 
mitted to compression between two object glasses, 
thereby various colours were made to emerge, in 
successive orders, according to the degree of pres- 
sure employed. Extending the same principles to 
explain the permanent colours of natural bodies^ he 
ascribed the yellow, orange, and red colours which 

■ 

certain liquors exhibit at different depths, when view- 
ed in a conical glass by transmitted light, to the vary- 
ing thickness or density of such fluids, which succe^ 
sively intercept and extinguish the more refrang^le 
rays, until, near the top, they transmit the least re^ 
fran^ble, or red rays alone f* In like manner, he 
supposed vegetable infusions to be turned red by 
acids, because it is the nature of acids to dissolve (X 
attenuate ; and that the same infusions were rendered 
green by alkalis, because these substances precipitate 
<)r incrassate J. Mr Delaval follows Newton in at- 
tributing these phenomena to the same causes ; and 
more lately, M. Haiiy observes, that, in all these 
changes of colour the union of the moleculae of tb^ 
two liquids forms mixed moleculse, the thickness o 
which is different from that of the component moU 
culae, and determines the reflexion of colour answe 
ing to that thickness §. 



* Optics, B. ii. part 3. prop, l-O, 
+ Ibid. B. i. part 2. prop. 10. 
J Ibid. B. iu part 3* prop. 7« 
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420. This hypothesis, founded solely on the me^ 
thanical constitution of bodies, has, however, been 
warmly impugned by Dr Bancroft, who contends 
that the phenomena, exhibited by the coloured rings 
in Newton's experiments, do not warrant the conclu- 
sions drawn from them ; for that the same colours oc- 
curred, and were repeated over and over again, at very 
great diversities of thickness ; so that thickness could 
not be the only cause of these repeated variations of 
colour^ And, indeed, they are to be explained, he 
addsy in the same manner as the colours of the prism 
and the rainbow, and ought not to have been employ* 
cd to explain the permanent colours in different sub- 
stances *« 

421. On Mr Delaval's attempts, to shew that the 
different colours of animal and vegetable substances 
depend on an increase or diminution in the size of 
their particles^ Dr Bancroft remarks, that, instead of 
employing mechanical means, which alone ought to 
have been used in his experiments^ he has recourse 
to chemical agents, which change the composition of 
bodies, and produce effects different from those whicl^ 
arise from mere variation of density f. And in some 
examples given by Dr Bancroft, so far are the re* 
fractive and reflective powers of bodies from being 
in proportion to their density, that they are observed 
to be rather in opposition to it {. 



■» 
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422. But though the Newtonian hypothesis ap- 
pears thus to fail in its general application to the per- 
manent colours of natural bodies, yet, in the exam- 
ples of liquors which possess an uniform composition, 
and which, at different thicknesses, exhibit different 
colours, when viewed by transmitted light, it may, i 
perhaps, to a certain extent, be deemed satisfactory; 
for as all bodies intercept a portion of the light that 
falls on them, it is reasonable to suppose, that the in- 
creasing mass or density of the fluid should furnish 
an increasing obstacle to the passage of light, unril, 
at the thickest part of the liquor, the least refranp- 
ble, or red-making rays alone are transmitted ; and 
such seems to have been truly the cause of the red* 
ness which the upper portion of the liquor presented 
in Newton's experiment (419.), and which Dr Hal- 
ley's hand exhibited at great depths in the sea •. 
The red colour of the sun too, in certain states of the 
atmosphere, seems to arise from a similar- esitinction 
of the more refrangible rays ; and so, likewise, the 
light from our lamps, in very hazy weather, is not 
only diminished in intensity, but varied in species, so 
as to approach nearly to perfect redness. 

423. But whfeii vegetable infusions are changed i^ 
colour by acids and alkalis, a great discordance seeff'^' 
to obtain between the imputed properties of tho^^ 
substances, and the established qualities of the sev^^ 
ral rays of light. For if acids do dissolve and att^^ 
nuate (419.), they must, on the mechanical hypoth^^ 
sis, be considered to facilitate the passage of light 
and yet, after the addition of an acid, the more 
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frangible rays are at once stopped, and the red-ma« 
king rays, which are the least refrangible, are those 
I only which pass; while, on the contrary, alkaUs^ 
which are supposed to precipitate and incrassate, and 
. consequently to increase the resistance to the trans* 
mission of light, stop suddenly the red rays, and per- 
mit the green, and even the violet, the most refran- 
gible, and therefore the most easily intercepted of 
all the rays, to pass ;— effects, in each instance, the re- 
verse of those which these agents ought to produce. 
The small portion, also, of acid or alkaline matter, 
that is required to change the colour of an infusion, 
can hardly be supposed to vary the density of the 
mixture so much as, by that niean alone, to produce 
such great alterations in its appearance : and this is 
still more difficult to conceive, when the addition is 
made, as it often is, by a body in a gaseous form* 
Lastly, the constitution of the fluid has itself under- 
gone a chsgige, not merely from a change of density, 
but of composition also, which obliges us to take in- 
to account the chemical, as well as the mechanical 
effect. 

424. An observation, also, of Mr Delaval, points 
out a great dissimilarity in the action of different li- 
<]uors upon the rays of light. In Newton's experi- 
ment (419.), says he, it is probable that the liquor 
employed was an aqueous or spirituous infusion of 
the woods used in dyeing red, which transmits yellow, 
orange, or red colours, according to its thickness j 
'^u.t the red solutions of flowers, and many others, 
^^> not transmit yellow or orange colours, even when 
spread thin ; for when thus disposed in thicker or 



thiniier masses, they do not vary the species of their 
colour, but only transmit a diluter, or more intense 
red **• We may therefore venture to conclude, that 
the opinion of Newton, respecting the colours pro- 
duced in vegetable infusions by acids and alkalis, 
y^zs derived, merely by analogy, from whaC he 
had observed to happen in liquors apparently of the 
same nature, but which act in a very different man- 
ner on light ; and this difference, we may add, fur- 
nishes a new proof that chemical composition, not=. 
less than mechanical constitution, influences the per 
manent colours of natural bodies. 

425. Sir Isaac Newton himself, indeed, may 
considered as admitting the influence of chemica 
composition in varying the action of bodies upo 
light; for, in stating his general law, he nukes 
well-known exception with respect to inflammabl 
bodies, which, according to him, refract light mo 
powerfully than other bodies of the same densit 
So much stress, indeed, did he lay on the great r- 
firactive power of these bodies, that he even thoug 
it " rational to attribute the refractive power of r^iU 
bodies, chiefly, if not wholly, to the sulphurous (i. e.. 
the inflammable) parts with which they abound ; foi\ 
adds he, it is probable that all bodies abound more 
or less with sulphurs f.'' " And this great man^'^ 
says Dr Bancroft, ^^ having also concluded that tts^c 
permanent colours of natural bodies were analogous ^o 
those produced by the refractions of thin, colourless^ 
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transparent plates, the chemists were generally indu- 
cied to make all colour depend on the principle of in- 
fiammability or fihlogiston, which, until very lately, 
was supposed to exist in metals and other substances, 
where there certainly is no evidence or appearance 
ofit.'^ 

426. ^^ But since the existence of phlogiston in bo- 
dies has been denied by the pneumatic chemists,'' 
continues Dr Bancroft, ^^ they have, in most cases, at- 
tributed the origin and changes of colours to the 
application or combination of different gases, and 
particularly of orygtn^ in different proportions ; and 
it has been supposed that these gases possessed consi- 
derable refractive powers, and were thereby enabled 
to produce effects on colours, like those which the 
followers of Stahl had imputed to phlogiston * J' 
*^ Hence," he adds, " M. BerthoUet, in his work on 
dyeing f, intimates that many important observations 
remain for those who would follow the steps of the 
great Newton, and compare the refractive powers of 
t;he different gases, and of other substances, the con- 
fiitituent principles of which are now known." 

427# This opinion concerning the influence of oxy- 
gen, in producing the colouration of bodies, seems 
to have arisen from the well-known changes of 
ccdour which certain metals exhibit during their oxi- 
dation. If, however, oxygen were the cause of these 
changes of colour, some uniformity of effect might 
be expected to attend its different degrees of combina- 



* Philos. of Perm. Colours, p. 27- 
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tion ; but it is well known that metallic oxides exhibk 
every variety of colour, with little or no regard to 
the quantity of oxygen they contain. Thus^ many 
oxides, which contain but little oxygen, are white ; 
others, which contain a great deal, are black. 
Mercury, with different portions of oxygen, forms a 
black and red oxide, but these colours are not pecu*' 
liar to such combinations ; for sulphur, in unicm witL 
mercury, produces compounds, which exhibit simi- 
lar colours. Iron, when combined with 27 per cent^ 
of oxygen, is black ; with 48 per cent, it is red j and 
these same combinations exhibit sometimes green and 
brown colours. So many, indeed, and so diversified 
are the colours which the oxides of iron are capable 
of assuming, that all the fine varieties of colours, 
employed in Wedgwood's pottery, are said to be 
produced by the oxides of this single metal *. Hence^ 
then, it appears, that, although oxygen combines with 
metals in various proportions, and the compounds 
exhibit various colours, yet no uniform colour, even 
in the same metal, accompanies the varying propor- 
tion of oxygen. On the contrary, similar colours are 
produced by very different combinations of this ele- 
ment ; and different substances, by uniting with me- 
tals, exhibit similar colours where no oxygen is con- 
cerned. Consequently, no particular colouring pro- 
perty belongs exclusively to oxygen, and, therefore, 
the colours of metallic oxides must be attributed to 
the properties of the compound, and not exclusively 
to those of the oxygen they may contain. 



« 
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428. Neither does the supposed refractive power 
of oxygen give any support to this doctrine ; for, 
from the experiments of M. M. Biot and Arrago, it 
appears, that hydrogen, in this respect, exerts the 
greatest force ; and oxygen, on the contrary, is one 
of the bodies that has the least refractive power* 
Hence it is from the hydrogen they contain, that wa- 
ter, oil, and other substances, refract light in a ratio 
so much surpassing their density *. These results, 
therefore, accord perfectly with the facts observed, 
and the conjectures submitted by Newton, respecting 
the great refractive power of inflammable bodies; 
but they yield no support to the opinion entertained 
of the predominance of this property in oxygen. 

429. With respect, also, to vegetable bodies, it 
bnot easy to conceive how the presence of oxygen 
should produce their various colours. Except the 
pure bases of the alkalis, the earths, and the metals, 
almost every substance in nature appears, from Mr 
Davy's researches, to contain a small portion of oxy- 
gen ; so that, in every change of composition which 
fco<pes undergo, oxygen must be more or less enga- 
ged. The universality of its presence, however, taken 
^ connection with the ever-varying proportions in 
''^hich it exists in bodies, and the infinite variety of 
^cides and colours which these bodies present, fur- 
^islies arguments against the idea of its acting as the 
colouring principle of matter : nor does it readily 
appear why the oxygen, more than any other ingre- 
dient of the body, should give rise to the formation 



* Havy's Traite de Phys. vol. ii. \). 1^5. 



of its colour. Because air is necessary to the vege- 
tation of plants, M. Fourcroy, indeed, ascribed the 
different shades of vegetable colours to the different 
degrees in which he supposed oxygen to combine 
with them * ; but it has been sufficiently shewn, 
that, during vegetation, the oxygenous portion ol 
the air never combines with plants ; and that, as 
as external agents are concerned, light, and not air. 
is the ostensible cause of their colouration. The oi 
dinary effects of acids in changing colours, must no^^t 

be attributed to the oxygen they contain, but t o 

their action as acids ; for muriatic acid, which do^^ss 
not yield its oxygen to any known substance, 
like other acids, upon vegetable infusions ; and o: 
muriatic acid, which, of all substances, most readi^fly 
parts with its oxygen, entirely destroys all vegetaW le 
colours t» In whatever light, therefore, this subj^ <:t 
is viewed, no good reason appears for considerixng 
the element of oxygen as essentially concerned in 
producing the colouration of natural bodies. 

430. Since, then, neither the mechanical doctrine 
of density, nor the supposition of phlogiston, nor xie 
actual combination of oxygen with bodies, seems 
sufficient to explain those affections of light, from 
which the diversity of their permanent colours pro- 
ceeds, we must seek out some other mode of 



* Mem. de TAcad. an. 1789, p. 335. 
f In our opinion, the late experiments of Air Murray seem ^^ 
establish the compound nature of oxy-muriatic gas, in oppos/* 
tion to the view of INIr Davy, who regards it as a simple sab' 
stance *. 
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counting for these phenomena, less liable to objection 
dun any that has been hitherto proposed. It is re^ 
narked by Dr Bancroft, that, though the prism and 
other d'ansparent colourless substances shew us the 
different colours of the several rays of light, by se- 
parating them from each other, in consequence of 
their greater or less refrangibility ; yet he is per- 
suaded that the permanent colours of different bodies, 
or substances, are not produced by mere reJractio7i ; 
but depend on other properties, which determine or 
occasion the reflection or transmission of some par- 
ticular sort or sorts of rays, and an absorption or 
disappearance of the rest : and these properties he 
conceives to be certain affinities or elective attrac- 
tkmSy existing in, or between the diflferently colour- 
ed matters, and the particular sorts or rays of light 
80 absorbed or made, latent *• 

.431. That an affinity, or attraction. Is exerted be- 
tween light and the particles of bodies, may be justly 
inferred from the great refractive power of inflamma. 
ble bodies, which, all other things being equal, must 
be supposed to attract light more powerfully than other 
substances ; and it is variation in point of strength, 
says Dr Thomson, which constitutes the characteristic 
mark of chemical affinity f. The phenomena of 
phosphorescence, and many other chemical facts, af- 
ford evidence of the sanie nature* Thus, many me- 
tallic oxides, as Scheele first observed, are soon 
restored to their metallic form, by the action of 
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light *• The muriate of sil^r, when exposed to the 
solar rays, begins to be discoloured at the end of a 
few seconds ; after a minute, says M. Senebier, its 
surface is sensibly violet ; and in half an hour, the 
violet is changed to the shade of umber, and then 
suffers no farther change. This change is effected 
entirely by light alone j for when this muriate is ex- 
posed to heat, or cold, or moisture, in a dry air, or 
in vacuOj it suffers no change, if the light be carefuU 
ly excluded. If, however, the light be thrown oa 
it by a lens, it is then coloured in an instant. If it 
be covered by one leaf of paper, the discolouratioa 
does not begin till the expiration of a minute } if with 
two leaves, three minutes are required ; if with three 
leaves, ten minutes ; and four leaves entirely prevent 
the action of light f. 

432. In effecting this discolouration, it was re* 
marked by Scheele, that the violet ray acted sooner 
than any other \ j and Senebier having thrown tfat 
prismatic rays» in succession, on pcmioiis of this mu- 
riate, observed that the violet ray acted in 15 ser 
conds ; the indigo in 23 seconds ; the blue ia 29 ; 
the green in S7 ; the yellow in five minutes and 4 
half; the orapge in twelve minutes; and the red in 
twenty minutes ; but the three last species never igaor 
duccd the effect sa su^ongly as the others §. 
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433. The muriate of silver, which is thus acted on 

by light, is composed of 75 parts oxide of silver, 1 8 

muriatic acid, aiid seven of water. Its discoloura^^ 

lion has been ascribed to a partial reduction of the 

oxide ; but, by operating upon the salt under water, 

Scheele and BerthoUet found, that muriatic acid was 

liberated ; and to the disengagement of this acid a- 

lone, the discolouration seems to be owing*. In 

ccmformity with this explanation, Dr Bancroft ob* 

serves, that, if this salt be covered with muriatic acid, 

instead of water, it experiences no change, though 

exposed, for many days, to the direct rays of the 

sunt* 

434. The action of light on vegetables, seems to 
resemble, in many respects, its operation on inanimate 
bodies. We have already seen, that light, in its un* 
decomposed state, causes the expulsion of oxygen 
gas, and gives rise, at the same time, to the green co- 
lour of plants. To discover the manner in which 
it was more immediately concerned in these opera* 
tlons, M. Sen.ebier sowed different quantities of let- 
tuce seeds in several small cups. One of these cups 
he left e^^posed to the light and air ; another he 
placed ill darkness ; a third he confined under s^ 
large glass vessel, whose bottom was thrust so far up 
into its body, as to leave a hollow space, nine or ten 
inches in height, and four or five in width ; this ves- 
sel was then filled with w^ter, through which the 
light, that fell on the seeds beneath, necessarily pass- 
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that the height and size of the plant are proportional 
to the intensity of illumination, while its verdure de- 
pends more on the quality of (he ray *. 

438, The above experiments, not only prove the 
action of light in the colouration of plants, but de« 
monstrate, likewise, that this action is exerted most 
powerfully by the violet ray. They shew, also, that 
this property of the violet ray is independent of its illu'- 
minating power ; but they do not authorise the con- 
clusicHi, that the height and size of the plant depend 
on the intensity of illumination, for we know that o- 
ther agents contribute to these conditions. By other 
experiments, M. Senebier also ascertained, that the 
heating power of the violet ray had no particular i# 
fluence in eflFecting these changes of colour ; for,''by 
placing thermometers in the differently coloured rays 
of the prismatic spectrum, he found that the violet 
ray possessed less heat thaji the others, and less, al- 
so, than the entire beam of light ; whence, says he, 
it results, that these properties of the violet ray are 
independent, in a certain degree, both of its heating 
and illuminating power, and appear to depend on 
some particular quality of the matter of which it is 
composed !• 

439. M. BerthoUet, likewise, who, as we have seen 
(362.), considers the action of light, in discharging 
colours, to resemble combustion, and thus to cause 
the combination of oxygen with bodies, admits, new 
vertheless, many facts which present an apparent 
conttradiction to it. It is to the action of the 



* iMc-m. Vhsu torn. \\. p, 6^. -^ Ibid. p. 72. 



— - ^ *^^ !^. 



173 

sun's rays, says he, that the production o( ve« 
getable colours is owing* Light, also, disengages 
oxygen from nitric and oxy-muriatic acids, from some 
metallic oxides, and from plants in a state of vegeta- 
tion« In these examples, he continues, effects oppo- 
ate to those of combustion are produced ; but when 
it contributes to the destruction of colours, it com- 
bines oxygen, and produces a kind of combustion. 
What, however, are the circumstances, and what the 
affinities, which determine sometimes one effect, and 
sometimes the other, he does not know ; but both, 
he adds, are equally proven *. Dr Bancroft, also, 
refers to different instances, in which light acts some- 
times by separating, and sometimes by combining^ 
oxygen with bodies ; which he ascribes to the varied 
operation of an affinity exerted between them f. These 
various^ and apparently contradictory effects of light, 
may, perhaps, receive illustration from a more niinute 
inquiry into the nature and constitution of that sub* 
tile matten The researches of modern philosophers 
furnish many new and important facts to aid our in- 
vestigation ; and it is by collecting and comparing 
these that we are led to Indulge the hope of being 
able to penetrate somewhat farther into the secrets 
of its chemical action. 



440. The colours of the primary rays of light, 
^d their different degrees of refrangibility and re- 



i 
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flexibility^ v^rcy as we have seen^ discovered by 
Newton ; and the same incomparable philosopher 
pointed out also the difference in their illuminating' 
power. The most luminous of the prismatic rays^ 
8ay8 he, are the yellow and orange ; next to these^ 
the red and green ; the blue is fainter ; and the vx^ 
digo and violet are still more dark and faint. The 
most luminous and. fulgent part is in the brightest 
yellow, where it inclines more to the orange than to 
the green *• Dr Herschell, by causing the prismatic 
rays to fall successively on an object placed beneatli 
a lens, found the illuminating power to be small i& the 
red ray, greater in the orange, and greatest in the 
centre of the spectrum, between the yellow and green. 
From the full deep green, the illuminating power de- 
creased very sensibly, being in the blue nearly m ft 
par with that of the red, and in the violet it vas 
least of all. By other experiments, he ascertained 
that this property resides in peculiar rays, which are 
distinct from those that impart heat ; for the iUuBD- 
nating rays are capable of being transmitted through 
substances by which the heating rays are stopped, and 
*oice *cersa ; — ^facts which the experiments of Schede 
had before shewn to be the case with the heat and 
light which radiate from a common fire f. To these 
facts we may add, that the light of the moon, though 
composed of all the prismatic rays, does not, even 
when concentrated by a lens, impart the least sensi- 
ble heat. Hence then the rays, which render objects 
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visible, and enable them to exhibit colour, possess 
pecttUar properties, and are entirely distinct from 
tbose which excite or produce heat. 
-44). The heating or calorific rays, which enter 
into the composition of solar light, appear to have 
Wen first distinguished as a distinct species of mat- 
to*, by IVL Rochon, who, in the year 1775, disco* 
y&ned that the rays, which differ in refrangibility, 
differ also in their power of heating bodies. He ob- 
SQired that an air thermometer, moved through the 
prismatic spectrum, rose in proportion as the rays 
Mowed one another from the violet to the red ex- 
tremity ; so that the heat between clear red and the 
most intense violet appeared nearly as eight to one *• 
IL Senebier also, (438.), by a ^milar mode of ex- 
periment, ascertained the same fact wUh less preci- 
flkm ; and Dr Herschell, in a similar manner, calcu- 
lated the difference nearly as seven to two. Pur«- 
suing the subject still farther, Dr Herschell ascer- 
tuned that this calorific effect was produced by rays, 
different from those which impart light and colour ; 
that it was, in fact, produced by invisible rays, which 
increase progressively in power from the violet to 
the red extremity of the spectrum, and exert the 
greatest effect about half an inch beyond the boun- 
dary of the latter f. These facts are farther confirmed 
by Sir H. Englefield, who having successively coUect- 
^ the prismatic rays into the focus of a lens, found 
&e violet, in three minutes, to raise the thermome- 
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ter, placed in its focus, only^one degree; while 
the red rays, in two minutes and a half, raised it 
sixteen degrees ; and when the thermometer was 
carried quite out of visible light, it rose, in two 
minutes and a half, eighteen degrees *. From these 
experiments we learn, that the heating power of solar 
light consists in invisible rays, which are ^itirely dis- 
tinct from those which produce illumination and 
colour. It may be added, that Scheele had previous- 
ly ascertained, that the caloric, which radiates from 
a common fire, and causes ignition, consists^ likewise^ * 
in invisible rays t* 

442. But we have also seen (432.), that the the* 
mical action of light is most powerfully exerted by 
the violet rays, which are far removed from the 
centre of the spectrum, where the illuminating powi^ 
is greatest, and still farther from its red extremity, 
where the calorific effect Jp most intense. As, there- 
fore, in their refrangibility, they seem to follow laws 
so distinct from the two other species, it was natural 
to expect that they should, also, consist of a distinct 
kind, or third species of matter. This, M. Ritter 
has discovered to be actually the case, and that, like 
the calorific rays, these chemical rays are invisible^ 
and possess the greatest power beyond the violet 
boundary of the spectrum. He found that muriate 
of silver, which became black when placed beyond 
the confines of the violet ray, gradually lost its dark 
tint, as it was moved through the other rays towards 
the red extremity of the spectrum ; and when the 
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Same substance, a little blackened, was exposed to 
l*ed light, it recovered in part its whiteness, especial- 
ly when presented to the invisible calorific rays, 
which lie beyond the limit of the red extremity. 
He observed, also, that phosphorus, when placed 
near the red rays, instantly exhibited white vapours ; 
but, when moved into the violet rays, these vapours 
no longer appeared, and its combustion was extin« 
giiished. Hence he was led to conclude, that the 
solar spectrum was comprised between two sets of 
invisible rays, which produce the opposite effects of 
combining and separating o;cygen from bodies, while 
the intermediate parts of the spectrum partake more 
or less of the« action that is exerted by the invisible 
rays on either side *. These chemical rays were^ 
likewise, discovered by Hr Wollaston, whp found 
that muriate of sil.ver was blackened, not only in the 
space occupied by the violet ray, but in an equal de- 
-gree, and to about an equal distance, beyond the vi- 
sible spectrum; and, by narrowing the pencil of 
light received on the prism, the discolouring rays 
were made to fall almost entirely beyond the violet : 
ti^bence he inferred, that visible light does not pos- 
sess this discolouring property, but owes 4ts in- 
fluence^ in this respect, to the admixture of invisible 

light !• 

443. From the foregoing series of factSj it Would 

appear, that solar light is made up of three distinct 

species of rays ; one species of which produces 

heat, aind promotes the combination of oxygen with 



♦ Haiiy, vol. ii. p* C?59. t PhiU Trans. 1S02, p. Z79* 

M 



m 

Sodies : a second specie^ is luminoifs, andf rmparCs 
colour to objects; and the third species exerts a 
chemical action on bodies, and causes the separation 
of oxygen from them. It likewise appears, that, 
while the lununous rays diffei" gradually from each 
other in' their degrees of refrangibility, thte calorific 
and chemicstl rays are, in this respect, entirely op- 
posed, and are therefore found, in greatest iatensity^ 
neaf to and beyond the opposite boundaries of the 
priismatic spectrum. 

444. The diflFerent chemical effects, produced in 
bodies by the agency of light, which M. BerthoUet 
so strongly remarked (439.), but was unable to ex- 
plain^ receive, we think, an easy solution from these 
views of the cHfFerent nature and operation of its ca- 
lorific and chemical fay's J' for these two portions 
of Kght seem respectively fitted to produce the 
opposite effects of combination and decomposition, 
which he has noticed. These eflFects, M. Ritter 
has farther remarked, to resemble those which 
are produced by the opposite efectricities of the 
Voltaic pile ; for, while positive electricity, in the 
decomposition of water, occ^ions, Kke the calori£& 
rays^ the combination of oxygen? with the metallic 
wire, no such effect tsd^es place at the opposite, dr 
negatively electrified wire *. To follow this analo- 
gy with greater precision and effect, let us consider,^ 
somewhat more particularly, the chemical operatio^i- 
of Galvanic electricity, as it has beeti developed in 
the late important experiments of Mr Davy.- 
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44S. It appears, from the investigations of this 
distinguished chemist, that the elements of bodies 
are not only separated from each other by the opera- 
tion of Galvanic action, but are actually transferred 
to distant places, in a state or condition which, for 
a time, entirely suspends the exertion of their che- 
mical powers. Thus, if two portions of a neutral 
salt, as muriate of soda, be exposed,' in separate 
glasses, to the respective poles of the Voltaic battery, 
and the circuit be completed by a moistened sub- 
stance, plunged on each side into ah intermediate 
vessel that contains pure distilled water, the salt in 
each glass ' undergoes decomposition. At the posi- 
tive pole, the acid is attracted, and the alkali is re- 
pelled : at the negative pole, the reverse operations 
take place ; while the repelled alkali from the one 
side, and the repelled acid from the other, meet in 
the middle vessel, and recompose muriate of soda. 
** So from the general phenomena of decomposition, 
aiid transfer, it is easy," says Mr DaVy, " to explain the 
mode in which oxygen and hydrogen are separately 
evolved from water. The oxygen of a portion of 
water is attracted by the positive surface,, at the 
same time that the hydrogen is repelled by (it ; and 
the opposite process takes places at the negativie sur- 
face 'y and in the middle, or neutral pdint of the cir- 
cuit, whether there be a series of decompositions and 
recompositions, or whether the particles, from the 
extreme points pnJy be active, there must be a new 
combination of the repelled matter *.'* 
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446. " These facts/* continues Mr Davy, *• 6eem 
fully to invalidate the conjectures of M. Ritter, with 
regard to the elementary nature of water. He con- 
ceived that he had procured oxygen from water 
without hydrogen, by making sulphuric acid the 
medium of communication at the negative surface i 
but, in this case, sulphur is deposited, and the oxy- 
gen from the acid, and the hydrogen from the 
water, are respectively repelled, and a new com* 
bination produced *•" In support^ however, of 
his opinion, M. Ritter has since urged the result 
of another experiment, to which many eminent 
chemists have yielded their assent* He decomposed 
water in two separate glasses, connected with eacb 
other by a metallic arc, and obtained oxygen at the 
positive, and hydrogen at the negative pole, in the 
fisual manner. Deeming it impossible, h^owever, that 
the two corresponding elements, which were extri' 
cated, could be repelled through the substance of 
the metallic arc, he was induced to deny aftogether 
the decomposition of the water, and to maintain its 
elementary nature, conceiving that, by its combma*" 
tion with positive electricity, it formed oxygen gas^ 
and, by its union with negative electricitjr, it Cdnsti*' . 
tuted hydrogen gas. 

447. The fallacy of the experiment, which led to 
this conclusion, has,, however, been clearly detected 
by Mr Murray. He formed the Galvanic arrange^ 
ment employed by Ritter, and observed oxygen and 
hydrogen to be liberated in the respective glasses ) 
but, on a closer examination, he discovered that the 
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two extremities of the metallic arc soon acquired, by 
the law of induction^ electricities the opposite to 
those possessed by the Galvanic wircts. Consequent- 
lyj the effects of a double battery were obtained, 
and, in each glass, two particles of water were de- 
composed, just as happens in one glass, when the 
two wires of the battery approach each other, 

448. This fact was rendered very obvious by an 
ingosious and simple variation in the mode of making 
the experiment. The wires of the battery were 
made to pass through glass tubes, and the tubes were 
then placed in the two glasses, which, as before, 
were connected by the metallic arc. Instead of wa- 
ter, however, both the tubes and glasses were filled 
with an infusion of red cabbage, which held a neu- 
trsil salt in solution. As soon as the electricity was 
put in motion, the neutral salt, in each tube and 
glass, was decomposed ; and the effects were at once 
conspicuous on the vegetable infusion. For, on the 
side copnected with the positive end of the battery, 
the fluid in the tube was reddened ; while, in the 
glass of the same side, it was rendered green. On 
the contrary, the fluid in the tube connected with the 
negative side was green, and in the glass of the same 
side it was red. Hence, decomposition had taken 
place on each side ; and while the positive pole of the 
battery attracted, as usual, the acid, which reddened 
the infusion in the tube of that side, the negative ex- 
tremity of the arc attracted the alkali in the glass be- 
low, and changed its fluid to a green ; and, by the 
opposite electricities of the respective wires, reverse 
effects were produced in the fluids of tUe tub^ ^xA 
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glass connected with the negative side of the batterjr. 
*' These facts, therefore/* to repeat the language of 
Mr Davy, " sei^^m fully to invalidate the conjectures 
of M, Ritter and some other philosophers, with re- 
gard to the elementary nature of water, and perfect- 
ly to confirm the great discovery of Mr Ca!vendish." 

449. Such, then, is the general mode in which 
Galvanic electricity exerts its chemical action ; but 
let us farther observe, separately and more minute- 
ly, what happens at each pole of the battery. First, 
then, at the positive pole, a particle of water, for ex- 
ampJe, is decomposed ; its oxygen is attracted, and 
its hydrogen is repelled. But this is not all that hap- 
pens ; for the attracted oxygen combines, in most in- 
stances, with the metallic wire, and thus we observe 
not only the act of decomposition, but that of combi- 
tion also. 

450. At the negative pole, the operations are some* 
what different. A particle of water is here, also, de- 
composed ; but its hydrogen is attracted, and its oxy- 
gen is repelled. The attracted hydrogen, howeveir, 
does not combine, like the oxygen at the opposite 
pole, but passes ojfF in a gaseous form. Hence the 
electricityf accumulated at the negative pole, is 
sufficient only to separate the elements of the com- 
pound, but not to combine them anew ; ahd it may, 
therefore, be said to accomplish decomposition only, 
while the other pole effects combination also. So 
truly is this the case, that silver, says Mr Davy, 
though one of the least oxidable of the metals, easily 
unites with oxygen when it is positively electrified, 
while zinc, one of tbe most oxldatok^ i^ incapable of 
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combining with it, when it is negatively electrified *. 
la gold and platina, which have a very weak affinity 
for oxygen, even the accumulation of positive electri- 
city. i3 insuf^cient to e$ect o^jiidation; and hence, 
wh(en these metals are employed, the oxygen passes off* 
iji a. gaseous form, like the hydrogen at the opposite 
pole. 

451* The chemical actions, which the Galvanic 
jjuid thus e^ferts, are equally accomplished by the 
opeiation of common electricity. By the concentra^ 
ted discharge of this fluid, iron- wire, and other n^e- 
tals are speedily reduced to the st^te of oxides f. 
The formation of water, by the con^bustioij of hy- 
drogen, and the production of nitric ^cid by the 
electrization of atmospheric air, in the great experi- 
ments of Mr Cavendish, afford, also, pure examples 
of combination. On the other hand, by the varied 
operation of the same agent, the products, thus forQi«- 
ed« may again be decomposed. Thus, M. Beccaria 
revivified m^ny iiietallic oxides by the agency of e- 
IfiCtricity, restoring thp oxide of zinc to its metallic 
form, and reconverting cinnabar into real quicksilver |, 
So, in the experin^ents of the Dutch chemists, ^nd of 
Dr Pearson, water was resolved into its constituent 
eleme^ts, by the agency of the same power ^ ; and 
nitric acid might, doubtless, be made to undergo a« 
similar change, since Dr WoUasfton readily decom- 
posed it by Galvanic electricity §. Hence, then, th^ 



♦ Phil. Trans. 1 807. 

t Priestley's Hist. Elec. p. ZjG.' I Ibid. p. 277- 

If Murray's Chem. vol. ii. p. 172. 

§ Phil. Trans, an. 1801, p% 428, 



184 

positive electricity of the common machinis is able, 
under different circumstances, to effect both decom- 
position and combination. 

452. But the ingenious experiments of Dr Wollas- 
ton farther shew, that the negative electricity of the 
same machine, like that of the Voltaic battery, effects 
only decomposition. He coated a portion of silv^- 
wire, t4t5 of an inch in diameter, with sealing wax, 
and, by cutting through the middle of thfe waxed 
portion, exposed a section of the wire., The two 
coated extremities of the divided wire were then im» 
mersed in absolution of sulphate of copper, placed in 
an electric circuit between the two conductors of a 
common machine; and sparks, taken at one>tenth 
of an inch distance, were passed, by means of 
the wir^s, through the solution. After one hundred 
turns of the machine, the wire which communicated 
with the negative conductor had a precipitate form*- 
ed on its surface, which was evidently copper 5 but 
the opposite wire had. no such coating. Upon re* 
versing the direction of the current of electricity, the 
order of the phenomena was of course Reversed ; the 
copper being shortly redissolved by assistance of the 
oxidating power of positive electricity, and a similar 
precipitate formed on the opposite wire. A similar 
experiment, made with gold wire, in a solution of 
corrosive sublimate, had the same effect *i These 
facts, therefore, seem clearly to prove, that, by the 
common machine, as well as by the Voltaic battery, 
decomposition only is effected at the negative pole; 
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^hile, at the positive pole, decomposition and com- 
bination successively take place, according to the na- 
ture of the bodies employed, and the intensity with 
which the electric matter is made to act, 

453. After thus tracing the operation of the dif- 
ferent electricities, in promoting the chemical actions! 
of decomposition and combination, let us pass to the 
consideration of those, which the calorific and che- 
mical rays of the solar beam are respectively found to 
produce. It is known, that, by concentrating the sot 
lar rays upon any body, a most intense heat is pro- 
duced ; that metals are converted into oxides ; that 
the diamond or charcoal is made to combine with 
oxygen, and form carbonic acid ; and, in feet, that 
almost all the combinations, which can be effected 
by combustion, may be, in this manner, accomplish- 
ed. Now the portion of solar light which contri- 
butes to these eflFects, must be the calorific rays ; for 
Neither the illuminating, nor the chemical rays pro-? 
duce heat, and they are, consequently, incapable of 
Exciting combustion. 

454. But these same calorific rays, not only thus 
clause the combination of oxygen with bodies, but, 
Vmder different circumstances, they occasion the sepa- 
^tion of this element from them. Thus, if a com- 
^uhd combustible be exposed to the concentrated 
Action of the solar rays, its several elements are fifst 
^parated, and almost, at the same instant, recombine 
into a new form, according .to the nature of the bbdy 
employed, and the greater or less intensity with 
which the caloric is made to act ; and hence the va- 
rious gaseo\is, fluid, and solid pro4\icts, which tlxe 
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> combustion of the 3aiiie body^ or of different bodies, 
affbrdSf The calorific rays of light, therefore, like 
positive, electricity, ^re able to effect in bodies (he 
chemical actions of decomposition and combination, 
and these in an order depending on the st^te in 
which the bodiep are presented to their action* 

455. But besides these operations, which the ca- 
lorific rays effect, we have seen, that the decomposi*". 
rion of metallic oj^ides (4S1.)5 of different aci^s 
(439.), and especially of carbonic acid, is prodi|ce4 
in that part of the prismatic spectrum which is. far- 
thest removed from the heating power of light, and, 
consequently, by the chemical rays, which possess {iq 
heating power. In all these cases, however, we ob-? 
serve decomposition only to take place, and no subse- 
quent combination to follow, in the manner in 
which that operation |s accomplished by the calorific 
i^ays ( for the osiygen is only released from its^ com- 
bination with the metal, with carbon, or with any 
other substance with which it was previously combir 
ned, but no new product is, at the same time, formed, 
neither are the usual phenomena of comljustipn ex- - 
hibited. Hence, therefore, we may remark a striking - 
difference between the action of the chemical and^ 
calorific rays of light ; for though both species agrees 
in the property of eflfecting decomposition, the calorific=: 
rays alone give rise to new combinations. Here, then^s 
we trace a close analogy between the operations of 
]ar light and of electricity, not only in the general si- 
milarity of effect which they produce in bodies, but 
8o in the particular laws of their action ; for nega-«r 
tive electricity, like the chemical rays, produces only 
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decomposition in bodies, while positive electricity, 
like the calorific rays, occasions both decompositioq 
and combination. 

456. Farther, the phenomena, which accompany 
these chemical changes, attest the great similarity in 
the operations of these subtile agents ; for light and 
heat, the characteristics of combustion, excited by the 
calorific rays, are the well-known attendants of ordi- 
^ar^ electricity. In the low state, indeed, in which 
Cxalvanic electricity sometimes effects decomposition, 

^o heat is perceptible ; but when it is employed in a 

^tate of greater intensity, Mr Davy found it rapidly 

tro evaporate water, and to inflame and volatilize ni? 

^^rate of ammonia *. Whenever bodies, brought by 

artificial means into a high state of opposite electrici? 

%ies, are made to restore the equilibrium, beat and 

light, says he, are the common consequences ; and 

^hey are, also, the constant result of intense chemical 

action. But where large quantities of electricity, of 

low intensity, act, or the combinations are slowly ef^ 

iected, there is an increase of temperature without lu? 

minous appearance f. 

457. To the exhibition, however, of these pheno? 
mena in combustion, the presence of oxygen is ne« 
cessary ; for the calorific rays do not excite com« 
bustion in vacuo^ nor in any gas deprived of oxy^ 
gen, even when the most inflammable substance is 
employed. The very same condition is required for 
the excitation of electricity. Colonel Haldane oh? 
served, that, whei^ the Voltaic pile was placed in 
raawy its action immediately ceased ; that in nitro- 

' PM. 7 Vans. 1 307. ^ ^^^4, 
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gen gas it did not even commence ; while, in oxy« 
gen gas, or in atmospheric air, it acted with energy, 
and the oxygen disappeared. These facts were con- 
firmed by Mr Davy, who found, that, in gases devoid 
of oxygen, no Galvanic electricity could be excited ; 
but it was more or less abundantly developed, when 
oxygen gas was present *. 

458, But oxygen gas is necessary to combustion, 
Jn consequence of the great affinity, which, at a high 
temperature, it exerts towards combustible bases ; 
and, during the process, it enters into combinatioa 
with these bases, and its latent caloric is disengaged. 
In like manner, Dr Wollaston remarks, that the ex« 
citation of Galvanic electricity depends on o:^idation ; 
and that the oxidation of the metal is ^the primary 
cs^use of the electric phenomena, and is not occasion- 
ed by the electricity itself. In several experiments, in 
which silver and zinc were plunged in water, holding 
mineral acids in solution, the zinc was dissolved, and 
hydrogen gas liberated by decomposition of the wa. 
|er. It would appear, therefore, says he, that, in the 
solution of a metal, electricity is evolved during the 
action of the acid upon it f- 

459» This explanation, continues Dr Wollaston,^ 
receives additional confirmation from comparative ex«— 
periments made w^ith common electricity j for, in tht 
experiment already related (452.), the copper, aftei 
being precipitated, *' was shortly redissolved by assis- 
tance of the oxidating power of common electricity J.*^ 
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&o,Iikevirise,byusing an amalgam of silver or of platina, 
which are not liable to be oxidated, he could obtain 
no electricity. An amalgam of tin, on the contrary^ 
afforded a good degree of excitation. Zinc acted 
itili better ; but the best amalgam was made with 
both tin and zinc, a mixture which is more easily 
oxidated than either metal separately* In farther 
proof of this position, he foynd, that, when he con- 
fined a small machine, with its cushion and conduc- 
tor, in a vessel of common air, electricity was exci- 
ted ; but when he substituted carbonic gas, the cxci-^ 
tation was immediately destroyed ; and again return- 
ed upon re-admission of atmospheric air. The oxi- 
dated metal of the rubber, adds Dr Wollaston, is aU 
Ways negative, and so, likewise, in the Voltaic pile, 
the oxidated zinc is in the same state. From these 
^cts, he concludes, that electricity, in the common 
^Hachine, and in thd Voltaic pile, originates from the 
^tQirie source ; and the power of the latter, he adds, 
^i now known to depend oil oxidation *. 

'4f60i But if, from the foregoing facts, it appeal, that^ 

3^n ordinary cases, oxygen gas is alike necessary to ther 

development of caloric in combustion and to the excita- 

*lCion of electndty ; if, in each instance, this gas (iisap^ 

-^ear, and its ponderable matter enter intOia similarcom- 

\)ination ; and if no caloric or electricity be developed 

unless these chemical changes take place, are we not 

constrained to believe, that the same subtile matter, 

which, during combustion, is exhibited in the form 

of caloric, appears, during electriz^ation, in the guise 
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of the electric fluid ? For why should oxygen gas 
be thus essential to the development of electricity, 
if it be not chemicalli/ instrumental in affording elec- 
tric matter ? and in what other way can it, in these 
experiments, be conceived to afford such matter, ex- 
cept by suffering that reduction of its elasticity, 
which it has been shewn to undergo ? If the air were 
only mechanically concerned^ and acted simply as a 
conducting body, or, if the electricity were excited 
only by friction, then no reason appears why oxygen 
gas should be thus essential to the operation, and 
much less why it should undergo: such chemical 
changes; for, that these changes are necessary, is 
j)roved by the feet, that even oxygen gas itself is un- 
equal to the production of electricity, if a metallic 
substance, incapable of oxidation, be em'ployed as 
amalgam. Surely the conversion of 2^nc into 



oxide by combustion in oxygen,*does not furnish anvg 
other or better evidence of the extrication of caloric 
from that gas, than the formation of a similar oxid— « 
in electrization affords of the development of eh 
trie matter from the same gas, in the experiment 
Dr Wollaston. In both cases, the subtile matter S 
not simply conducted by the air, but is generated o%j:m\ 
of it ; and, in both cases, therefore, its production 
must be the consequence, and not the cause, of 03c:i- 
dation. 

461. But while, in these examples, we attribiE^e 
the production of electric matter to the cfaemic^ ac- 
tion of oxidation, we do not mean to say that this is 
the only, or even the usual way, in which electricff}^ 
is developed. The experiments of various philoso- 
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phets sufficiently shew, that electricity is afforded 
by the simple contact of different bodies, by friction, 
and by other means, iti which no chemical change 
takes place, and U^here, therefore, we have no evi- 
dence that dhy chemical action is exerted. But the 
e&citatlon of electricity, by these mechanical meansf, 
doe$ not disprove its development by chemical 
agency, any more than the extrication of caloric by 
friction of percussion disproves its liberation in the 
ordinary process of combustion. We therefore con- 
tfeive, that the electric and calorific mattet may be def- 
teloped in bodies, both by chemical and by mechani- 
cal means ; and we consider this circumstance t6 
yield no little support to that opinion of their simila- 
rity, which we have now been endeavouring to main- 
tain*. 

462. Thus, then, we see, from the foregoing state- 
ment and comparison of facts, that the calorific and 
chemical rays of solar light severally decompose and 
combine various bodies, precisely in the same manner, 
and with the same phenomena, as the different states 
or kinds of the electric fluid have been shewn to do ; 



• In the excitation of common electricity, indeed, both me- 
ihods are usually called into action ; for the simple friction of the 
t'ylinder and rubber yields, in a mechafiical manner, the electricity 
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while the amalgam furnishes^ at the same time, a chemical source 
of electric matter, in consequence of the oxidation which it is 
made to undergo. And as, in combustion, the chemical combina- 
tion of oxygen is promoted by the communication of heat, so, in 
electrization, the oxidation of the amalgam must be facilitated by 
the electricity that is mechanir ally «xcited. 
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and that, in all cases, the same conditions are requi- 
red for their operation, and the same laws of action 
are respectively observed. We do not deem it ne- 
cessary, for our purpose, to institute a comparison be- 
tween the physical properties of these subtile fluids ; 
for it is only with their chemical agencies that we are 
at present concerned. Neither do we venture, from 
the examples which have now been selected, to decide 
on the question of identitif between the two species of 
invisible light, and the two states or kinds of electric 
matter. Our present object will have been gained, 
if we have succeeded in shewing such a similarity of 
chemical action between these subtile agents, as will 
entitle us to infer, that, where similar effects are, in 
other instances, produced by them, we may reason- 
ably impute to them a corresponding similarity of ac« 
tion. 



463. Having thus endeavoured to establish th 
similarity of chemical operation between light 



electricity, let us next proceed to an explanation o 
those decompositions which are effected by sol 
light. We have seen, that, by the direct agency 
the calorific rays (453.), various bodies are deco 
posed, and their elements recombine into new form 
under which changes the phenomena of light an 
heat are exhibited. But the decomposition of man 
bodies is, likewise, accomplished by the chemic^- 
rays of light (454.), without the attendant phenome- 
nai of heat or luminous appearance ; neither do the 
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separated elements enter into any new combination. 
In conformity, therefore, with the analogical in- 
ference already deduced (462.% we must suppose 
these chemical rays, like negative electricity, to exert 
an attractive force towards the inflammable element 
of the compound, ^nd a repulsive force towards its 
oxygenous ingredient, whereby, as in electro-chemi- 
cal operations,' these elements are separated, and the 
decomposition of the body is eflPected. Whether, in 
ordinary cases^ the calorific rays assist in effecting 
these decompositions, and to what extent they act, 
Vfe have not the means of deciding ; but as the che- 
mical rays, after their separation from the calorific, 
appear to be equally capable (442.) of exerting this 
decomposing power, we must conclude that it is 
chiefly accomplished by those rays alone. 

464. Applying, then, these views to the subject of 
carbonic acid, we have seen that this gas is formed, 
in combustion, by the direct agency (453.) of the 
calorific rays ; and so powerful is the union between 
^ts elements, that, until the late discovery of potas- 
sium, no single substance, at the ordinary tempera- 
ture of the atmosphere, was capable of eflFecting their 
separation. At a high temperature, however, Mr 
Cruickshank fdiund that a partial decomposition of 

4 

this acid was accomplished by heating together car- 
bonate of lime and iron-filings, whereby the acid wae 
reduced to the state of an oxide *. In the experi- 
ments of Mr Tennant, in which carbonate of lime and 
phosphorus were submitted to a high degree of heat. 
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the complete decomposition of carbonic acid 1)^ ef» 
fected, and the charcoal appeared in the form of a 
black powder *. Mr t)aVy, also, remarked, that po* 
tassium readily inflamed and oxidated in carbonic 
gas t ; and Dr Henry and Mr Dalton have likewise 
ascertained, that^ by a continued repetition of elec- 
tric shocks, this gas may be decomposed^ even v?hile 
it retains its elastfc form |. In all all these examples, 
however, the decomposition is effected under circum- 
stances absolutely destructive to the vegetable body ; 
and, except when potassium is employed, caloric, or 
the intense agency of positive electricity, is called In- 
to action. 

465. But at the ordinary atmospheric tettiperatui^'e, 
and even in a degree below zero (299.), carbonic 
acid is decomposed in plants by the power of solar 
light ; and since this decomposition always pr^edes 
(378.) the formation of the green colour, and this 
green colour is effected (437.) by the sole agency 
the chemical rays, it follows, that these rays aldn< 
are essentially concerned in the operation^ If^ th< 
fore, these rays, in their chemical action, be cona' 
dered to resemble negative electricity, they must 
held to exert an attraction towards the carbon or ia^.-.^* 

flammable base, and a repulsion towards its oxygen ^ 

in the same manner as in the decompositioa of 
ter by the negative pole of the Voltaic battery, ii 
hydrogen is attracted and its oxygen is repelli 
Consequently, the oxygen of the acid will pass off I 
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axi elastic form, aild the carbon will remain behind 
in union with the colourable matter of the plant. 

466; But supposing solar light thus to act in de- 
tomposing carbonic acid in plants, some other agent 
must be called in to aid its operatidil ; for the experi- 
thi^i^ of Mr Davy (303.) prove, that light alone is 
unable to decompose this acid gas ; and it is equally 
Certain that the plant itself is unequal to this effect 
\Kithout the agency of light. In the experiments of 
Mr. Tennant and Dr Pearson, in i^hich carbonic acid 
was. decomposed at a high temperature by phospho- 
rus, the acid was employed in a fixed state, while in 
union with lime or alkali ; and it wa^ only under 
such circumstances that its decomposition could be 
efiected. The elasticity of the add, in its uncombined 
state, may be considered as countei-actin^ the affinity 
of the phosphorus to its oxygen ; but in its Concen- 
trated state, says Mr Murray, it is more liable to be 
acted upon, and its decomposition may be farther 
promoted, by the affinity Which the lime or alkali ex- 
erts to the phosphorus and oxygen, and in conse- 
quence of which they enter into combination *• 

467* Now the same bodies Which, in these expe- 
riments, were employed to reduce the elasticity of 
carbonic gas, exist abundantly in the juices of plants ; 
and with these alkaline substances, this acid gas will 
naturally combine. That it does enter into such 
combinations, may be inferred from the fact, that, 
though it exist in large quantities in many leaves, it 
is not abstracted by the air pump, nor expelled by , 
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heat (348.}» but is readily given out under the che- 
mical action of solar light; and, indeed, M. Vauquelin 
and others have detected it in combination with alka- 
line matter. In this state, therefore, of combination 
and concentration, it may yield to the decomposing 
power of the solar rays, although it resisted their inten- 
sest action, while retaining its elastic form. And 
thas we learn, in what manner the chemical condi* 
tion of the leaf may conspire with the agency of light 
in promoting the decomposition in question, and 
why neither the leaf alone, nor the power of light 
alone, is of itself able to effect it. 

468. But after the oxygen of the acid is expelled, 
the carbon is necessarily retained in the leaves, and 
serves, probably, some useful purpose in those or- 
gans. It has been already remarked (25.), that 
plants not only owe their green colour, but their 
odour and combustibility, to the immediate agency of 
light ; and as the chemical rays alone are necessarily 
concerned in the formation of this green colour, we 
must, also, suppose that they essentially contribute to 
the production of those other properties, which are 
so immediately associated with it* The resinous mat- 
ter, which imparts this colour, is also the most in- 
flammable part of plants, and that, too, in which, pro- 
bably, the odour and combustibility principally re- 
side ; but in what manner the chemical portion of 
light immediately acts in the production of this resin, 
no facts enable us, at present, to state. The cele- 
. brated Scheele supposed light to be decomposed in 
vegetables, and to contribute to the formation of their 
combustible matter j for the generation of a green 
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resin in plants, after having been brought out of a 
cellar, where they are almost white, and standiiig on- 
ly a couple of days exposed to the sun, makes this, 
says he, probable tb me * ; and eveil Newton con- ^ 
jectured, that gross bodies might receive much of 
their activity from the particles of light that entered 
into their composition f- Lastly, M. M. Chaptal 
and Hassenfratz found, that plants, which vegetated 
in darkness, contained much less carbon than those 
which had grown in the light ; and M. Senebier also 
ascertained, that such plants yielded less oil and re- 
!^ous matter J ; — facts which seem directly to prove 
the influence of light in increasing the proportion of 
combustible matter. 

'; 469. But whence, it may be farther asked, is the 
alkali, which so much abounds in the ashes of the 
green parts of vegetables (S??.)? ^md so directly cdn- 
tributee to their colour, derived? It doubtless pre- 
^sts in the vegetable body, and is not a product of 
combustion $ for it is found in combination with dif- 
ferent acids, and even in an uncombined state, before 
the process of combustion is instituted ; and that pro- 
cess, as M. Vauquelin has remarked, serves only to 
develope the saline matter, as the other constituents 
are consumed. How, then, does this matfir gain ad- 
mission into the living plant ? It is probably held in 
solution in the fluids, which plants absorb from the 
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fituatipns in which they grow. Thus, it 15 khowft, 
that terrestrial plants afford pot^sa, while those 
which grow in, and near the sea, chiefly furnish soda ; 
but M. M. du Hamel and Cadet found, that, if ma* 
rine plaiits be removed to inland situations, they gra* 
dually cease to yield soda, and at length potassa on* 
ly is obtained ^ jr^facts which prove the influence of 
situation, in determining the kind and quantity of al- 
kaline matter. '* 

470. From the recent investigations of Mr Davy, 
we learn, also, that almost all spUds and fluids, even 
the purest distilled water, contain saline matter ; so 
that nearly every substance which enters vegetal>Ie8 
must convey to them a portion of it. It canpot, 
however, be supposed, that the alkali is formed in 
the vegetable directly from its proper elements ; • for 
the bases of the alkalis so rapidly abstract oxygen 
from almost every other substance, that they cannot, 
as Mr Davy rema.rks, exist near the surface of the 
earth in a pure form. And farther, as the alkalis 
themsel yes attract acids, y/iih scarcely less avidity 
than their bases attract oxygen, the same reaaoning^ 
obliges us to suppose, that, a$ pute alkalis, these sub-* 
stances do not enter pla^ts ; wherefore we ^nttiit: 
concludej^hiat they chiefly gain adknission, inf combi- 
nation with different acids, that is, in a neutro-saline 
State t. 

471. After their entrance into vegetables, these 
saline bodies may be presumed to undergo various 
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changes j for^ both in terrestrial and marlAe {dants, 
alkaline: matter is fi^iund in combination with different 
Tegetabie and mineral acids. Hence, therefore, we n^y 
reascmably suppose, that the3e saline compounds are 
decomposed^ and formed anew, at different periods { 
and the great quantity of alkali - that e;Kists in th^ 
leaves, its presence in an unqpmbined state, and the 
chemical agency of light to whicH it is there exposed, 
all concur to shew, that these changes are principally 
^ected in those organs. By such decompositions, 
alk^lipe matter may be developed, even although no 
oxygen gas be afforded, sinpe the aei4 that is sepa^ 
rated may no^ be decomposed ; and thus light, by its 
fj^eipical agency, may contribute to produce the 
gp^^en colour in plants, not merely by decomposing 
Gairtx>nic acid, in the manner already described, buf: 
by acting oi^ such other saline coi^pbunds as may 
}pe .present in the veget^le fluids. 
; - 472* These views, respecting the entrance of saline 
matteir into plants, and its subsequent decomposition^ 
derive support &om some well-establi^ed facts, re^ 
Is^g to the use of lime in the practice of agricul- 
ture. The good effects of this substance, when laid 
upon soils, endure only for a limited period ; and 
hence its ^application is usually repeated every ten or 
twelve years. In some soils, the lime may, perhaps, 
act mechanically in improving the texture ; in others, 
k may act act chemically, both in i^iproving the texr 
ture, ai^d in £eicilitating the decomposition of organic 
matters ; but it may also, we believe, act physiologi- 
cally on the plant itself, by mixing with its fluids, and 
serving those useful purposes in tlje vegetable ecoaQ<» 
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my wshich alkaline matter seems destined to perfoniu 
The experim^ts of Mr Davy pirove, that lime, as 
well as alkali, is present in the vegetable fluids * ; 
and it has been shewn to exert $JAiilar effects on the 
colourable juices (401.) of the leaves; so that we 
possess evidence, not only of its existence in the plant, 
but of its capacity to e^ect a necessary change in the 
vegetable juices. Siuch views explain why lime is 
useful in every kind of soil that is deficient in Galea* 
reous matter ; and account, also, for its gradual dis* 
appearance or exhaustion. Is the large quantity of 
alkali, which green vegetables afford, obtained only 
in some compound form, from potassa existing in the 
earth? or, in the process of vegetation, is lime, 
which resembles it in so many of its properties,, ap- 
tually transmuted into it ? The more hidden^ secrets 
of nature are but just beginning to be disclosed.; and 
the dreams of alchemy are, perhaps, destined to takt 
form and substance, from the researches of modem 
chemistry. 

473. The analogy between the chemical operadctt 
of the different electricities of the Voltaic pile, and 
the calorific and chemical rays of light, which we- 
have thus endeavoured to support, will, we c(Hiceive^ 
derive confirmation from the results of certain elec-^ 
trical experiments^ which have been made on yege^ 
table matters. For the different electricities rapidly 
change vegetable colours, by developing, in all 
cases, as we believe, acid or alkaline matter, precise- 
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ly in the same manner as these changes appear to be 
more slowly effected by the chemical agency of light. 
474. When the electric spark, says M. Cavallo, 
is taken in the tincture of certain flowers, it pro- 
duces effects like an acid, which led some of the 
earlier electricians to consider the electric fluid as an 
acid * ;— *an opinion which has been more lately main** 
tained by M. Brugnatelli, who goes so far as to as- 
sert that it actually forms saline compounds by com- 
piling with metals f. But this change of colour does 
not seem to occur when the air is excluded ; for Dr 
Priestley did not observe it to take place in syrup of 
iriolets, when he electrified it in closed glass tubes |. 
Mr Nicholson and Mr Carlisle found an infusion of 
litmus to be reddened by the positive wire of the 
Yoltaic pile, while it remained blue at the negative 
cue ; and Mr Cruickshank, who observed the same 
jdienomena, supposed the acid, which caused the 
redness, to be the nitric, and the alkali, which gave 
a deeper tint of blue at the negative wire, to be am- 
monia §. Dr Wollaston impregnated a card with a 
strong infu^on of litmus, and then passed along it, 
by means of two fine gold points, touching the card 
at the distance of an inch from each other, a current 
(tf electrical sparks. In this state, a few turns of the 
machine were sufficient to produce on the card a 
rednesRS at the positive wire, very manifest to the 
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naked eye ; and the negative wire, being afterwards 
placed on the same spot, soon restored to the card 
its original blue colour. Similar resuhs were ob- 
tained, in less time, by the different electricities of 
the Vohaac battery *• 

473. Now, in all the foregoing examples, there is 
jost reason to conclude, that the changes of colour 
were^ in every instance, produced by the formatioDi 
or development of add or alkaline matter: gnd 
the sources from which both might be derived are 
clearly pointed out in the late refined aoiatyses of Mr 
Davy^ He found that water, after reputed distiOar 
%\oBty still ccHitained saline matter, which was decofflr 
posabk by ekctrization ; that this : matter wa/& lib^ 
wise obtained from the substance of glaes^ and 6pW 
every earthy body ; and, lastly, that the nkroga^ 
naturally existing in water, by combining with nas» 
c^nt oxygen or hydrogen derived from its decompo^ 
siticm, formed, respectively, nitric acid or ammoniai 
which were easily discoverable by the proper tests^ 
But when the water which he used was rendere4 
perfectly pure ; whei no saline matter existed 9 
the substance of the vessels employed ; and whei^ 
nitrogen was wholly esccluded, by conducting the 
operation in vessels of pure hydrogen gas, then 
neither acid nor alkaline matter was either generate4 
or developed, but the wat^ was resolved into it^ 
constituent gases alone f. 

466» From these facts, we learn why, in Dr 
Priestley's experiment (474.), air seemed necessary 
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to the change of colour in the vegetable infii^on« 

since its nitrogen contributed to the formation of ni^ 

trie acid. In the experiments of BrugnatelU, this 

acid, also, was probably produced } and either the 

formation of acid and alkali, or their development 

by the decomposition of saline matter, is clearly in^ 

dicated in the experiments of Nicholson and of 

Cruickshank. In Dr Wollaston's experiment, the 

add and alkali were probably derived from saline 

mattek*^ existing either in the infusion with which the 

card was impregns^ted, or in the card itself ; for Mif 

Davy remarks, that the minute quantity of saline 

43ompound, contained in paper tinged with turmeriCn 

smd which has been plunged in pi^re water, affords 

alkaline matter at the negative point of the circuit ; 

and add, in the same manner, is developed from lit«v 

snus paper, at the positive point *• All these facts^ 

therefore, afford strikitig illustrations of the great fa- 

ciUty with which acid and alkaline matter may be 

generated, or devdoped, by the agency of electrici* 

ty ; and of the capacity of these substances, wheii 

thus produced, to act on the colourable juices of ve^ 

g^tables. 

477. Nor is it only on these juices, after their ex- 
traction from the plant, that electricity is found to 
z& ; for results, in some degree similar, follow the. 
operation of the same agent, when applied to the 
living leaf. Dr Priestley found, that electric exploe 
sions, passed over a green leaf, injured its texture, 
and left a yellow track behind t j— which effect wa$ 
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probably occasioned by the development of add 
matter from the saline compounds of the leaf. In 
an experiment of Mr Davy, where a plant of mint 
was submitted to electrii^ation in the Voltaic circuit, 
its saline compounds were actually decomposed ; for 
green colouring matter, with resin, alkali and lime 
appeared in the negative vessel, and vegetable prus* 
sic acid in the positive vessel. In another experi* 
ment, a healthy plant of mint, which survived electri- 
zation, aiForded, in ten minutes, alkali and lime tq 
the negative, and acid matter to the positive side ;•- 
facts, says Mr Davy, which shew that the electrical 
powers of decompo^tion act even on living vegetable 
matter *. 

478. Since, then, from these ^cts, it appears, 
that electricity so readily decomposes the saline com* 
pounds in plants ; since the separated portions of 
these compounds so easily act on the colourable 
juices of vegetables ; and since, when light promotes 
the colouration of plants, it seems to act only through 
the medium of similar decompositions,r.-may we not 
reasonably conclude, that, as these subtile agents 
have, on other occasions, been shewn to produce so 
many effects in common, they act also, on these oc- 
casions, in a similar manner, and by the exertion of 
similar powers ? The argument from analogy, which 
we thys desire to urge, does not hinge on one or two 
points- of coincidence, but is borne out by the whole 
series of successive operations that has been now dis- 
closed ; and, if solar light and electricity be allowe4 
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to have any one property in common, or to ptoditdel 
tmy one eiFecc in common, we must think ourselvest 
entitled to conclude, that they exert but one com« 
tnon action in their chemical operation on the saline 
compounds of plants. 
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479. But granting that Light acts chemically oft 
the juices of plants, in the manner that has now 
been stated, and changes their composition, so asl 
variously to affect their colour, yet, as this section is 
confined to the invisible i*ays, the actual production 
of colour cannot be ascribed wholly to chemical 
agency ; and the question, therefore, still returns. 
How do plants, or the juices of plants, act on the^ 
Tisible or cvlcri/ic rays of light, so ^s td present that 
rich variety of colours, which they actually exhibit 
to our view ? To give some insight into this matter^ 
it is necessary, as Sit Isaac Newton observes, to un^^ 
derstand not only the nature of bodies, but the na-» 
ture of light ; for both, he adds, must be under^ 
stood, before the reasons of their actions upon one 
another can be knovm *• 

480. Having, therefore, as he conceived, esta* 
blished the fact, that " bodies reflect and refract 
light nearly in proportion to their densities,** he 
proceeded to consider those properties of light which 
occasion it to be* thus affected. These properties 
he supposed to consist in certain dispositions of the 
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t'ays, which caused them, in their passage through 
a&y refracting substance, to be alternately reflected 
or transmitted, at equal intervals, for many yicissi- 
tudes ; and the returns of these dispositions in the 
rays, he named fits of easy reflection or transmis- 
sioiii Of what kind, however, this action or dispo- 
sition in the rays may be, he does liot inquire ; but 
suggests the possibility of its depending on a vibra- 
tory motion^ excited in bodies by the rays which 
impinge on them. But whether this hypothesis 
true or false he does not consider, contenting 
self with the bare discovery, that the rays dt lighi 
are, by some cause or other, disposed to be teflecte(^3 
or refracted for many vicissitudes *• 

48 1 . As thus, the mechanical hypothesis, eveii h 
the hands of Newton, seems to fail in assigning 



cause, why light is variously refracted and reflect 
by bodies, we tnay, perhaps, be permitted to sp^ 
late on the facts and analogies, which the late 
veries in the elementary constitution of bodies, 
in the nature of light, suggest to us ; and try wh. ^ 
ther they will conduct us a step farther in the inve^s- 
tigation of this intricate subject. ^^ Prudens intenro- 
gatio,^' says Lord Bacon, ^^ est dimidium sdentiae. 
Vaga enim experientia, et se tantiim sequens, mera 
palpatio est, et homines potius stupefacit quam in- 
format.'* 

482. From the view which has beSi giyeo (440* 
et seq.) of the nature and compositbti of solar light, 
it appears^ that although, in many of their physical 
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|>rop^tties, the three species or portions of Ught agi^ee^ 
yet, in other properties, they very selisibly differ* 
We have already considered the nature and opera- 
tion of the mvmble portions of the solar beam, which 
reflect chemical changes in bodies ; and we have now 
€o direct our attention to that portion which is visible^ 
^md imparts the sensations of light and colour^ (a 
the investigation of complicated action^, it is only 
l^y thus analysing and breaking them down into se^ 
parate and distinct parts, that we can hope to discovd^ 
the full reason and effect of their combined operactousi 
48Si Many examples have been already given <if 
<he reciprocal action which bodies and the invisSile 
{iportions of light exert on each other ^ and the phe« 
^lomena of phosphorescence indicate the eicertion <:Kf 
a ^milar action between bodies and the luminous ot 
visible rays. So, likewise^ whether the light afibrd^ 
ed in combustion come from the aii*, or from the 
combustible body, it equally manifests in bodies the 
existence of a portion of the luminous rays. These 
rays, however, although thus retained in bodies, ap^ 
pear to exert on . them no themical action j iot th<f 
body exhibits no apparent change of properties^ 
whatsoever be the colour of the light which it re^ 
tains^ or emits. The emis^n of light, also, by vege* 
table and animal substance^ under putrefaction, isl 
not the tau$e, but the con$e<|uence^ of that process ] 
neither does % appear, that the light iiSbrded by cer^ 
tain living animals is necessarily productive of any 
chemical change in the animal, or in the air that sur- 
rounds it ; but merety accompanies those changes, 
which are necessary to the exercise of the vital futvc- 




tions. t^arthcr, we have seen, that the chemical 
changes of decomposition and combination are eflfect* 
ed by invisible light, in which changes the luminous 
or visible portion has no necessary share. 

484. But in the operations of invisible light on bo- 
dies, we have traced a v^lose analogy to the actions 
of the electric fluid ; and may we not extend this 
analogy to those affections of the luminous or colori- 
fic rays, which enable bodies to present all the end- 
less modifications of colour ? Such an idea, however, 
at once presupposes the exertion of an attractive force 
between bodies and this portion of light ; and should 
the circumstances already stated be deemed insuffi — - 
dent to establish this fact, the phenomena affbrdec=d 
by inflection seem decisive of the question. It is weL^Hl 
known, that if different bodies be made to approacK' h 
a beam of light, as it enters a darkened room through ^h 
a small hole in the window, the light will be drawn oir.^flut 
of its rectilinear course. Sir Isaac Newton found Thig^ M 
this effect was produced not only on the entire In iiii^ ii^ 
but, in different degrees, on the different colorific ray^ s; 
for the fringed shadows of bodies held in red light werr re 

larger than those of bodies held in green light ; ai 1// 

these last were still larger than those of bodies held Ja 
the violet rays : so that the same body, says Newtc^^ 
acted upon the red, or least refrangible ray, at a 
greater distance than on the violet, and by those^ac- 
tions disposed the red light into larger fringes, and 
the violet into smaller, and the lights of intermediate 
colours into fringes of intermediate sizes *• Surely 
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jK^^J^riiiMlitacffii more dearly sfaewi ivM onlf tki 
gfMeTal'£a(c( of an attractioii! exerted by KoiUes upoil 
dM'^tire beam of l%bt^ b^ alao tipon the indMdiMil 
cdtotiSc ray^i of wbfch tlkat b^A is coint>o9ed ; Mt 
#ben <Mi^ species o( hiaft^ is thus drawn out of its 
course by another, in wfaitt lanjgaagecan we expreiis 
the fact,* if we do not call it attraction? How, then, 
WttSC we suppose this attraction to be exerted f 

485. " Have not the small particles of bodies cef- 

fom powers, virtues or forces,*' says Newton, ^* by 

whSfcb they act at a distance, hot only upon ttie rays 

of light for reflecting, refracting, and mflectihg]them, 

btt also upon one another, kn: produdng n great 

fult of the phenomena of nature ? Fdr it is well 

kfMfWk that bodies act one upon another by the at- 

hiactions of gravity, magnetism and clectncity.*' 

^* How these attracdoite maybe performed," Ke coft- 

if^lues^ <^Ido not here cenisidbr. What I call attraction, 

^^nutj be^ performed by impulse, or by some c^her meafifis 

^^c^nKnown to me. I use that word here to signify 

^^lily, in general, any force by which bodies tend to- 

"^warde one smother, whatsoever be the cause* For 

'tPirfe must learn, from- the phenomena of nature, what 

%^odie^ attract one Another, and what are the I^rws 

^Wd properties of the attraction, before we inquire the 

eaiUse by which the attraction is performed. The at- 

^ tractions of gravity, magnetism, and electricity, reaCh 

k to" Vfery sensible distances, and so have been observed 

m by vulgar eyes; and there may be others which 

■ reach to so small distances, as hitherto escape obser- 

■ vation ; and perhaps,'' he adds, ^^ electrical attraction 
■may reach to such small distances, even m^o>^X. 
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being excited by friction */' Thus, then,, we scei 
that, although in his inquiries concerning; the mo- 
tions of light, Newton makes no mention of- attra^ 
tion^ yet, in his prjofound meditations on the genend 
phenomena of nature, he not only employs that tann, 
but points to the very species of attractive force, 
which the foregoing investigations have 6ugge$ted | 
and, with almost prophetic sagacity, has foretold the 
existence of those ^^ virtues or forces'' in the elementa- 
ry particles of bodies, on which the researches of Mr 
Davy have rendered it probable that their a^tractiY^ 
energies depend. ': 

486. From these researches, it would appear^ tfaat 
the elements of matter naturally possess diffenoit 
electrical states, which respectively determme . tfadr 
attraction or repulsion by the opposite poles of the 
Voltaic battery ; and these natural electricities Mr 
Davy supposes them to retain in all the combinatiofls 
into which they enter f. If this doctrine be just, 
and if the rays of light do obey laws similar to those 
of the electric fluid, there is no difliculty in concei- 
ving that the particles of matter may exert different 
forces upon the luminous rays } and hence their re- 
fraction would vary both according to the natural 
electricities of the elements of the body, and to the 
properties of the individual rays ; and the modified 
operation of such foices might be conceived suffi- 
cient to account for the varied refraction and extinc- 
tion of the different rays of light. 
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487* But if it were granted that the refraction and 
extinction of certain rays depended on some power 
vhidi resembled electro-chemical attraction, yet the 
admission of such a power would not explain the 
pbenomena of reflexion. Hence, should we admit, 
says M. Haiiy, the existence of an affinity between 
light and the particles of matter, we should still be 
embarrassed in reconciling the repulsive force, which 
reflexion indicates, with affinity, which is an attrac- 
iive force ♦. 

^488. If, however, we call to mind the motions 

tha\ arise in bodies submitted to electrization, in 

' which we observe attractions and repulsions hot only 

to succeed each other with great rapidity, but fre- 

■ 

quently to exist together, we can havfe no difficulty 
in coQceiiong that certain rays may be refracted and 
extinguished in bodies, at the same time that others 
are reflected* Sir Isaac Newton himself, indeed, 
considered reflexion to be caused, not by the soliid 
parts of bodies, but by some subtile matter which ixi* 
tercedes their pores f ; and surely all the phenome* 
na of electricity and of magnetism lead us to believe, 
that, where repulsion is ascribed to such a power, 
the corresponding attraction must be attributed to 
the exertion of a similar force. ^^ Do not bodies 
and light," says Newton, ** act mutually upon one 
another, that is to say, bodies upon light, in emitting, 
reflecting, refracting, and inflecting it, and light upon 
bodies in heating them ?'* &c. ^* And do not the rays 
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#£ lights wtuch fall upon bodie$,.aad are reflected or 
refr^ct^ds begin to bend before they arrive at the bo- 
diesy a{id are tbey not reflected, refracted and inflectedby 
one and the same principle, acting variously in various 
circuuistances * V If the vi^w which ha^ ^^ been 
suggested be admitted, this question must: t^e^tpswer- 
ed in the affirmative ; for the various phenomena of 
refraction, reflexion, and inflpdqn, will iaii\ to be 
regarded as modifications of electrical action. A^ 
thus have we endeavoured to connect the truths^ whfchL 
the intellectual eye of Newton perceived at sq V93t a. 
distance, with the facts which the discoveries of I|av)f^ 
seem to have brought so immediately withii^ qukt 
view. 

489. But were the physical cause of refractioa an^3 
reflexion thus attributed to electro-chemical age];ic;pr-, 
^U the laws which these motions of light observ^^ 
become the subjects of mathematical cousideratioKa. 
Granting, also, that these motions arise from t^ vsi* 
tied exertion of attractive and repulsive forces, y^^ 
still the greater mass of matter, or its greater densi- 
ty, would necessarily augment the effect, even where 
the composition of the substance continued uniform ; 
and a change in composition would act still more 
powerfully, and independently, in some degree, of 
the quantity of matter. In consistency, therefore, 
with these views, the Newtonian doctrine of density, 
in varying refraction and reflexion, may still, to a 
certain extent, be considered just ; but the mass of 
matter, or its density, would, in such an hypothesis, 
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be regttded rather as conditions which modify^ than 
18 causes which produce the phenomena : and hence 
the ihechanical properties of bodies would, in such 
ictions^ be considered subordinate to those which at- 
186 from their chemical constitution* 

490. But whatever hypothesis may be adopted 
:oiiceming the cause of refraction and reflekiot!, 
lie c^taihtf that thede effects are produced, and ttiit 
:6 them the colotrs of iiatural bodies are attributable, 
irill not be disputed, h only remains, therefore, 
hat we apply our knowledge of these subjects to thd 
»c{>lanfttibn of those colours with which nature has 
idbmed and embellished the vegetable world. 

491. The green colour which plants exhibit may 
lie either simple or compound. Newton remarks, 
that a leek appears most resplendent when viewed 
by green light, and next when seen by the blue and 
yellow rays which compound a green *. In the 
opinion of M. Berthollet, the green colour of plahfs 
is produced by simple and homOgeheal Hgbt, and 
not by a compound of the yellow and blue rt^^ f ; 
but M. Haiiy asserts, that, if a slip of a green plant 
be laid on yellow paper, and held between the light" 
aiid the eye, and the paper be then agitati^d so sis to 
aid the sensation, the green slip will' appeal mote br 
less bhie, which proves, says he, that t'fre green' 
colour is a compound of yellow and blut, and not a' 
simple colour J. 

M l ^ 

J » ; ■■ 
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t Elem. de la Teioture, torn. i. p. 12. 
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. 492. Thi^ experiment resembles those made by 
M. Buffon, who found, that, by looking for some 
time on two objects of opposite colours, .fixed upon 
one another, the sensation of a third colour, different 
from either of the former, was produced, to which 
he gave the name of accidental colour. The produc* 
tion of this colour has, by some philosophisrs, b^en 
attributed to a mixture of the differently coloured 
rays reflected by the two objects, combined with a. 
cert^ disposition in the eye, to be acted on . by die 
(Tolour which conveys the stronger impression. But. 
the experiments of M. M. ^pinus and De la KBre^ 
seem to shew, that sensations of different colours* 
may successively arise in the eye, where no mixture 
of colours from the object can be supposed to take 
place : thus, if the eye be directed to the sun^ and 
tfien closed, the image upon the retime will be first 
red, then yellow» then green, and last of all blue * ; 
T—facts which shew that these accidental colours de- 
pend more on the condition of the organ of visira, 
than on the colours of the rays which the Itiminoiis 
tK>dy emits. The same explanation may, perhaps, 
be extended to the accidental colours produced by 
reflected light ; for by looking long and steadily at 
two differently coloured objects, kept in ^perpetual 
motion^ the eye becomes dazzled and weakened^ and 
is unequal, therefore, to that distinctness of visiiim, 
which at first represented them in their proper 
colours. According to the natural strength, also, of 
the visual organ, the same objects may, to different 
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persons, present different colours ; so that no proof 
of the compound nature of the green colour of plants 
can be drawn from this experiment, relating to acci^ 
denial colours, as M. Haiiy seemed to suppose. 

493. The operation of electricity on the organ of 
vision, supports the view above stated, respecting ac- 
ddental colours ; for when the eye is positively electri- 
fied, objects are said to appear red, large and distinct ; 
and when it is in a negative state, they look blue, small 
and obscure *• M. Ritter placed his eye iii contact 
with the negative pole of the Voltaic pile, when it 
acquired the opposite state of electricity, and the ob- 
jects all appeared of a red tint ; and afterwards, on 
applying his eye to the positive pole, which caused 
the retina to pass to a Qegative state, the objects all 
assumed a purple hue. Thus, the organ of sight, 
says M. Haiiy, subjected to the combined action of 
light and electricity, becomes, as it were, a common 
link joining together phenomena observed till then 
in isolated experiments, and with {instruments which 
appeared to have no affinity with each other f. And 
do not these similar sensations of colour, produced 
by the sun's light and by electricity, support the 
analogies traced, in so many other instances, be- 
tween the operations of these subtile agents ? 

494. The mode, also, in whic];i the green colour 
is formed in vegetable infusions, leads to the belief 
that it is truly a simple colour. When an alkali is 
added gradually to a colourless infusion, the liquor^ 



* Hau/s £Iem. Phil. vol. ii. p. 55. 
t £lem« PiiiL toL ii, p, 260. 



816 

ttt fiP8t# IS violet, then ^lue» vndtjuen gram,^ 4he cq» 
loiirs em^rgiag in 4ie prder pf t)|e refrangibSiiy of 
tkfi rays} and as, in this order, the green stands 
before the yellow, it is reasonable to suppose H to 
be, in this case, a ^ple colour, caused by the trans« 
mission of the green rays, rather than a compound 
of the less refrangible yellow with the blue. Add 
to this, that many of the vegetable colours, as the 
blue, the red and the yellow, must necessarily be 
simple, because they cannot be formed out of any 
other colours. But though the green be thus, for 
the most part, considered simply, yet it may, in scHne 
instances, be compounded, as must be the case with 
the colours of a vast variety of flowers, which pre<i 
sent such an endless variety of hues* 

495. As a general summary of the concluaons^ 
which, in the foregoing discussions, we have endea* 
voured to establish, respecting the agency of light in. 
promoting the colouration of plants, we may ob- 
serve, in the first place, that, by the chemical agen- 
cy (465.) of this subtile matter, the saline compounds 
of plants are decomposed, and the acid and alkaline 
matter^ thus developed, combine with the colourable 
juices of the vegetable. In consequence of this com- 
bination, these juices are enabled to act variously on 
the luminous rays. . When the alkali predominates, 
the more refrangible rays, as the violet, blue, and 
green, are reflected, and the other rays are extinguish* 
ed} when the acid prevails, the least refrangible, or red 
rays, are reflected, and the others disappear ; and from 
intermediate admixtures of these, ingredients, inter- 
)(nediate colours, both simple and compounded, will a- 



lise. The colours, howcTer, vhich these juices prt*- 
^ent to our sight, are not reflected by the coloured par- 
ticles (417O9 but by the c^que matter on which they 
are imposed, so that the coloured matter trauismits 
ooly, but does not reflect light ; and this light arri?s* 
iiig at the eye, produces va in^ession, which coo^ 
Teys the sensation of the individual colour. 

496. Hence, too, it follows, that, when light is 
wholly excluded, the chemical changes in the vege* 
table juices, which enable them to exert these actions 
00 the colorific rays, do not take place, and, conse^ 
quaitly, the green colour of the leaves, which de« 
pends on the predominance of alkaline matter, and 
the red colours of leaves and of flowers, which arise 
from an excess of acid, are equally prevented from 
appearing ; for the juices beiiig unable, in this state, 
to -decompose the solar bciam, ^tetum it almost or eo* 
tirely unchanged to the eye, whence the objects are 
destitute of colour, or have the appearance of white- 
Qe86« The colours of plants, therefore, depend pri-^ 
matily on the chemical action of light, in changing^ 
the constitution of their juices ; and these juices, hf 
thdr physical operation on the colorific rays, afef 
then enabled to exhibit aH their infinite variety oS 
hues. 

497* We are fearful that some of our readers may 
Aiak we have extended these remarks on the agency 
ofr l%ht too &r, and that many of the obsen^ajiion^ 
which have now been made, are biit remotely eonnei^'' 
ed with the professed objects of our inquiries. We 
entreat them, however, to suspend their judgment. 



tfll th^ shsdl have accompanied us faftber in our 
progress, and are thereby better enabled to appre^ 
ciate the importance of the discussions in which we 
have been engaged* If Physiology, and the arts oF 
Agriculture and of Medicine, which so much de^^ 
pend upon it, be ever destined to pass the narrow* 
bounds which are at present drawn around them, to 
rise from facts to principles, and from effects to 
th^ causes, it can only be by the large and liberal 
cultivation of almost every branch of natural know- 
ledge. ^^ Interim nemo expectet magnum progrcs- 
sum in scientiis, (prassertim in parte earum opera* 
tiva), nisi philosophia naturalis ad scientias particu- 
lares producta fuerit, et scientias particulares nirsiu 
ad naturalem philosophiam reductse. Hinc enim fit, 
ttt plurimas artes mechanicse, atque ipsa medkna^ 
atque (quod quis magis miretur), philosophia m6- 
radis et civilis, et sdentis logical, nil fere habeast 
akitudinis in profundo ; sed per superfidem et varie- 
tatoni rerum tantum labantur/'-—^^ Itaque mintroe 
mirum est, si sdentfse non crescant, cum a radicibus 
tuis stntseparatae'^.V It is under the impresdoti ^of 
ihese^truths, that, through the whole of our inquiries, 
we have freely sought assistance from every 4ef^art- 
ment of science, to which we were able to apply,-— 
convinced, that ^^ that philosophy beareth best' Its 
own name, which doth not strain all to two or three 
prindples, like two or three bells in a steeple, mak- 
ing a ^tifiil chime, but trieth to rise up to Nature's 
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own number, s^id so to ring all the changes<in the 
world V 






Sb(^« v.— Qf the sigpposed Utility of Carbonic Acid^ mnd ^ 
t^the Decomposition of Water in Vegetation. 

498. From the circumstances of carbonic acid be- 
ing decomposed in plants, by the agency of the solar 
rays, many writers have been led to consider that 
gas as necessary to vegetation in sunshine ; and o^ 

^thers have extended this opinion so far, as to sup- 
pose it essential to the growth of all plants through, 
the day. In our former work, we combated the evi- 
dence (43.) on which this opinion was founded ; but 
as new experiments have been brought in its support 
by M. de Saussure, and as*, from the view which 
we have now taken of the phenomena of vege- 
tation in sunshine, our former notions may be 
expected to have undergone some modification, we 
shall re-examine, as concisely as possible, the more 
material evidence relating to this question, with the 
hope of removing some of the difficulties, and appa^ 
rent contradictions, which, at present, seem to attend 
it* 

499. Is then carbonic acid, essential to the vego^ 
tation of plants? We have no . direct expctriinenty 
says M. de Sauss^ire, by wbich?this.is demoniitratedf, 
and many facts seem even, to . establish the cantsary. 
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tt is koown, for example^ that if plants be put to r^ 
getate in a vessel filled with atmospheric sdr^ depri** 
▼ed of its carbonic acid, and the vessel be then ezpo-^ 
aed to the sun, the plants continue to flourish, and the 
air experiences no change, either in purity or in vo- 
hime *• These experiments he repeated many 
times, and alvsrays found the plants to grow as well in 
air, from which the carbonic acid had been previously 
removed by lime-water, as in those cases where this 
openettion had not been, performed f ; from whence 
it necessarily follows, that the presence of carbonkf 
acid in atmospheric air is not essential to the vegeta-^ 
lion of plants* 

500. But, from experiments of a different naturif^ 
M. de Saussure was led to draw an opposite conclu-i 
mon. In vessels in which plants were placed to v^ 
getate, he suspended a quantity of lime, which had 
been slaked by water, and afterwards dried- briskly 
at a boHing heat ; the vessels were, also, inverted bi* 
to ssiucers of lime-water. After the secotid day^ tt^ 
atmosphere of the plants^ exposed to the sun in thk 
apparatus, diminished in volume. On the third day, 
the inferior leaves began to turn yellow : by the 
fifth day, they had all falleh, and the plants no loiig* 
er exhibited signs of vegetation. Thdr atmdsfphere, 
at this period, had lost in bulk three cubic inches' 
6l the fifty originally employed $ it was lesa ptiae 
than at first, but contained no carbonic acid. Some* 
times the plants died in two days, when thus expo- 
sed to the sun ; while others, confined in similar'ves- 
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mk witlkout lime^ coptinvA^ if^ and ^vigwpus. 
The^ experiiqents with Uir^ |f Qve^ says Mt deJSaua- 
^re, aix ^tir^ctipii^ m^y im§^mn\\yf a Ipnoattoa 
qf carl^oaiq a^id by pl£^pt9 wbicb v^gottCe ia nu- 
fbii^e ; from whence we collect, that pbnta gccnriog 
vx the light, form c^rt>Qiaic acid wilb the oxygea of 
the at<nQsphere ♦, 

501. The foregdng cooduaiba aeema to be fxoAf 
deduced from the resuhs of die.eflfienoielita) but 
]^ de Sau8Bure fardi^ comidets them to pHm^ diat 
^he presence of carbouic acid is .nece$s9ury> to:V€ge(t»> 
t^^ because the planta ceased to v^etate^ apparentp- 
ly from this a^id beijp^ withdrawn f. TIm iofeifizfice^ 
hpiwever, is completely at variaiBce vfSihi the ;£tci^. that 
vegetables grow in air that has beea eiHh^ depmed 
itfit$ carbpoii: acid (499.); apd:kis also CDOlsadScied 
bg; /Other experiments of a similar fiatiure, cosidiicced 
III the shade*. For in the shade^ says IVL d&S^ussure^ 
SiPt only have the plaiUs not di^ in recipibntB. which 
f9flitained lime, and were inverted ift lime»wa«er» but 
4l#y have ilowished. better than in similar rec^ents 
which diyi not contaia that substance. In ten days, 
g plant, confined with time in the shade^ acquired 
S0Ten grains ia weight ; the volume of air lost lour 
and a half cubic inchea : it was become very impttre, 
and contained ^ of carbonic acid I. Bv^in the re* 
«pient without Hme, the plant acquired (Muly five 
nrains in weifirht, and the atmosiAere coataiatd -i^ 
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«f add gas *• Thus, then, we see, that Ume, which 
is considered to destroy plants by abstracting the car- 
bonic aoid from their atmosphere in sunshine, is ac- 
tually favourable to vegetation when that process is 
conducted in the shade. In what way, then, does 
lime, in these diiSerent experiments, affect the vege- 
tation of plants, and from what cause does this re^ 
iharkable difference in its action proceed ? 

502. It appears, that, in the experiments made in 
sunshine (500.\ the carbonic acid was entirely attract- 
ed by the lime; but in the 8hade(501.), the atmosphere 
still contained -riv of that gas. Did then the plants 
die in sunshine, because their atmosphere contained 
no carbonic acid ? and did they live in the shade, be- 
cause a small portion of carbonic acid was present in, 
it ? If the first of these positions were true, then ve- 
getation should cease in air deprived of carbonic add 
(499.), which is not the fact; and, contrarily, iJF 
the second were true, then plants should not grow in 
air deprived of this acid gas, which nevertheless thejf 
are found to do. Consequently, the presence of car* 
bonic acid is not essential to the vegetation of plants, 
even in sunshine, neither is it injurious to those which 
grow in the shade ; and since, therefore, neither the 
presence npr the absence of this gas materially affect- 
ed the vegetative process in these experiments, we 
must seek out for some other cause of the contrariety 
in result which they afford. . . (t^ 

503. Now this cause must be connected with some 
circumstances arising out of accidental situation ; for 
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no other' difference^ in the conduct of the exptrmem^ 
is stated, than that the plants were respectively placed 
in sunshine and in the shades r The atmo^ere of 
the plants in sunshine, at the time of their death, be* 
tween the 5th and 6th day, contafaied ^ of pxy^en 
gas.*, which is probably much more than jexisted in 
the vessel placed in the shade at the end of the lOtb 
day ; so that the cause of death, in the fomker case^ 
coald not have proceeded from the absolute d^riou 
ration of the air^ Neither can we.ascribe the defdi 
of the plants to the abstraction of moisture by^the 
lime, as we had formerly supposed'.{4&) ; Ifbr it is 
not stated that the leaves had become dry^ iand their 
fftU might take place from causes entirely independ^ 
of their desiccation (233. )• . Moreov^y such u^canise 
would have equally affected the planis'ii^hiehgrewln 
the shade* > 

y504t. As, then, neither the state of the atmosphere^ 
nor the condition pf the plants as to moisture, seems 
sufficient to account for. their deaths may we not sup 
pose that the lime itself exerted some deleterious ac« 
tion in sunshine, which it did not produce in the 
shade ? This is rendered highly probable by the t)b* 
servations which M. BraconnOt ^ has made on. these 
very experiments. He contends, that the death of 
the plants was not owing to the privation of carbonic 
atid alone, but to the action, of .the. lime itself in a 
state of vapour ; for he found, > that if litmus^|laper 
was suspended in a phial th^t, contained moistened 
lime, it, in a short time, was changed to a blue colour, 
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prwmg the voladtisation of the lime *• We have 
seen^ tod» the deleterious effect which mercury, in a 
similsr mamier, produces (SIO,); and thia mode of 
ta^lataing the &ct furnishes a reason why the death 
of die plants happened only in sunshine, since the 
Uaie^ IB that situation, was much more readily vcrfaf 
tiKzed.. 

, S05. In the foregoing ex!|)eriments, the roots ei 
the. plaiits were immersed in pure water, but^ ill sub* 
sequent trials, M. de Saussure operated cm the iM'an- 
ches of a. tree, whose roots were growing iirthe e»tb» 
Into a glan balloon, of the capacity ol 200 cubic to* 
dies, he introduced an ounce of lime, and, tojnetnove 
all objection respecting its prc^rty of attraeting 
mdsture, he lightly moistened it with water* A branch 
of faosiey suckle,': or of the peach, finished ^ with 
leaves, was then passed into the balloon, and so dis- 
posed that its leaves ^ould neither touch the lime, 
nor the sides of the vessel. The neck of the ballden 
was then carefully luted to the branch, and the appa^ 
ratus waa exposed to the sun. The leaves^ ef the- 
branch continued green twelve days, when thiey be* 
gan to dry, and at the end of three weeks thiey hadaH 
&llen» The branch, however, did not die ; bot in a 
month after, while retained in'the balloon, which sdH 
remained closed, it put forth new leaves. A similar 
branch, introduced into another balloon, and placed m 
the same circumstances, but without lime in the vessel, 
preserved its freshness for more than two months. The 
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c4une, in the former experiment, was found to be sa* 

: a: turated with carbonic acid ; and since, in these ex- 

'\ periments, the atmospheres still contained a consider- 

;il«d)le portion of oxygen, it is concluded, that the faill 

ffiof the leaves was not owing to the want of that gasy 

ubut to the absence of carbonic acid alone *• 

506. It may be remarked, that, in these last ex* 

I .{>eriments, the effects produced on the plants are very 

. different from those before related, as is also the time 

^ required for their completion ; for, in the first experi- 

^ .ments (500.), the leaves soon became yellow, and in 

„ « few days fell off; while in the second, they continued 

. green, became dry, and did not fall entirely till the 

, end of the third week. Now, it is very doubtful 
»■ 

« whether the mere abstraction of carbonic acid would 
occasion either the one or the other of these states 

. of the leaves ; and it is in no respect probable that 
it should produce them both. In fact, the results of 
these two series of experiments correspond with those 
which we have related (4d«) on a former occasion ; 

. and although M. de Saussure states, that, in the lat- 
ter series, he previously moistened the lime, yet he 
did it only slightly; and as evaporation from the 
leaves was soon checked by their confined situation, 
they could not have become dry, but from the at* 
traction of their moisture by the lime. While, 
therefore, the effects on the plants were probably 
produced, in the first experiments, by the vaporization 
of the lime, it appears to us almost certain, that, in the 
last examples, they arose from the abstraction ei 
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moisture, both from the plant itself, and prbbabt^ 
from the atmosphere^ in which it was confined. 

507« But farther, according to M. de Saussure, 
plants in the shade grow better in vessels which 
contain lime, than inf hose in which this substance is 
not present. The carbonic acid, which they then 
form, is, in great part^ attracted }- but we are not 
able, says he, to judge of the effect of a total privation 
of this acid, because it is formed in too great quantity 
to be entirely removed ; the effect, however, of a 
partial privation, he adds, is to favour vegetation *. 
We have, however, given exan^les (44.)* of the total 
privation of this acid gas from plants vegetating in 
the shade, without its producing any apparent change 
in their vegetative powers ; and, on the contrary, we 
have related other experiments^ in which the carbonic 
acid, formed in vegetation, was allowed to remain, 
without apparently producing any suspension of that 
process, except in so far as the oxygen gas of the air 
suffered diminution ; so that, in the ordinary vege- 
tation of plants in a given portion of atmospheric 
air, neither the presence nor the absence of the car- 
bonic acid which they fo]^m seems materially to in- 
fluence the process. This infei*ence is still more cer- 
tain with regard to plants which grow naturally in 
the open atmosphere^ where the proportion of car- 
bonic acid is always nearly uniform, and seldom or 
never exceeds 1000 fier cmt. 

508. In certain circumstances, however, lime fe so 
far from promoting vegetation, even in the shade, that 
it altogether arrests that process, as appears from the 



♦ RecVierc\ic^ CVvvm. '^. ^7 



^1 

fbllbijtrihg experitiients. A young bean plant, grow- 
ing in a garden pot to the height of six inches, wa$ 
inclosed by the tin apparatus, in the manner already 
described (226.) ; and by the side of the plant was 
placed an egg cup, which contained two drachms of 
freshly pounded lime* Over the plant and cup, a 
glass jar, containing about SS cubic inches of attnos^ 
pheric air^ was then inverted, and the mouth of the 
jar was surrounded by lime-water j the temperature 
of the room was 61°, and the apparatus was set aside 
in a part of the room that received the full light of 
day, but was not exposed to the direct rays of the 
sun. During the first day, the jar continued perfect- 
ly dry, the plant was rather diminished in height, and 
the lime had considerably increased in bulk. By the 
^nd of the second day, the appearances were nearly the 
same, but the lime was now much more bulky ; and 
the water had risen into the jar to the height nearly 
of half an inclu Through the two succeeding days, 
the lime continued to swell, the water to rise, and the 
jar remained dry; but the plant, though looking 
fresh and green, exhibited no sign of growths At the 
tad of the fifth day, the leaves became pale, and had 
a withered appearance, and the stem began to turn 
black. By the close of the following day, the lime 
was so much swollen as nearly to fill the egg cup ; 
the stem of the plant was more black; the leaves 
were much paler and more withered, and had fallen 
two inches below the thread, which was at first tied 
round the jar to mark their greatest height ; and, 
notwithstanding the water had, by this time, risen 
nearly an inch, the jar still continued c\uite drj^ 
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^09. in, this experimenty therefore^ we obsenre a 
g^dual abstraction of moisture, both from the plant, 
and from the atmosphere in which it was confined^ 
so as entirely to arrest the growth of the plant,, and 
in a few days to destroy its life. During the whole 
experiment, the roots were abundantly supplied with 
water from the dish in which the pot of earth stood ) 
but this was insuiEcient to counterbalance its attrac- 
tion by the Hme. The gradual rise of the lime-water 
into the jiar indicated the formation and subsequent 
attraction of carbonic acid ; but, nevertheless, the 
atmosphere had not undergone any change, except 
from the abstraction of moisture, which could occa- 
sion the death of the plant ; for it was found, on 
analysis, to contain more than half its original quan^ 
tity of oxygen. Hence the death of the plant must be 
referred to the abstraction of moisture partly from the 
plant itself, aiid partly, as we believe, from the atrno^ 
sphere which surrounded it, by which die sur jkras 
rendered incapable of supporting vegetation. 

510. This concludon will appear more, evident 
from the result of another experiment. made at the 
same time with a similar plants and predsety under 
the same circumstances, except that the Ume, instead 
of being used in the form of dry powder, w^s slaked^ 
and reduced to the consistence of a. thick fluid by the 
addition of water. In this case, the ja^ was rendered 
dim by moisture, and continued in that state through 
the whole experiment ; the plant had grown half aa 
inch in height by the end of the first day 9 and the wa- 
ter had risen into the jar about three-tenthspf all inch. 
During the two fQUo^rmg da^s, the plant coatitMcd 
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td ^tow, and the water to rise $ but on die fourth 
day^ two black spots appeared on one of the leaves^ 
which gradually spread, and a fine mould began to 
form« At the end of the sixth day, two of the leaves 
had become black, and the rest, though green, looked 
ackly ; the slaked lime had now become nearly dry^ 
but the jar was still dimmed by moisture ; the plant 
had grown in all about an inch in height. Hence^ 
by the gradual rise of the water, it appears, that the 
lime^ as in the former case, attracted the carbonic 
acid which the plant formed ; but the dimness of 
the sides of the jar shewed the continued presence of 
moisture in the air. The chemical changes which 
the air had undergone were the same nearly in both 
cases ; and, therefore, the difference in appearance 
which the plants exhibited can be ascribed only to a 
different state with regard to the moisture, both of 
the atmosphere and of the plant. Whether the 
sickly state of the vegetable, towards the close of the 
experiment, is to be ascribed to the deleterious ac- 
tion of the lime, or to the stagnation of its fluids, in 
consequence of its confined situation, we do not un* 
dertake to say ; but there is no reason to think that 
the air had experienced any chemical change, suffix 
cient to account for the decay and decomposition 
which had evidently begun to take place. 

511. In order to prove, that, in his experiments, 
the lime did not affect the plants from any operation 
peculiar to it, but that of abstracting carbonic acid, 
M. de Saussure states, that he sometimes employed 
potassa ; but as he has not given the details of any 
experiment ipade with this substance, we are uiv^bV^ 
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to judge of the conclusiveness of the methods which 
he employed. He only says, that lime or potassa, 
which destroys the thin leaves of plants which vege- 
tate in sunshine, does not exert this action upon the 
vegetation of the cad us opuntia^ and other plants 
which have thick leaves } because, says he, their 
thick parenchyme, and the little porosity of their epi- 
dermis, enable them to retain obstinately the car-> 
bonic arid which they have formed ^. We must 
not, however, conclude, that the life of the cactus is 
preserved, in consequence of its thus retaining car-* 
bonic acid, but in consequence of its hardy constitU'' 
tion, which enables it to resist the deleterious opera- 
tion of the substances to which it is exposed f. 

512. Lastly, we may observe, that, even in sun-' 
shine, it is to the presence of oxygen gas (309^), 
and not to that of carbonic acid, that the vegetation 
of the plant is immediately to be ascribed ; and the 
presence of this acid, in any considerable quantity, 
is actually injurious to vegetation (S0().), unless it be 
decomposed by the agency of solar light. But by 
its decomposition, this acid does no more than af- 
ford oxygen j consequently, it is useful in vegeta- 
tion, not as carbonic acid, but only as it aflFords oxy- 
gen gas. If, therefore, this gas be suj^lied from 
any other source, carbonic acid is not required to af- 
ford it ; and hence vegetation goes on in atmosphe- 
ric air, though it contain not more than -nsW part of 
carbonic acid, and even, as M. de Saussure has 
shewn (499.), when that small portion is removed. 
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InaBfai', however, as carbonic acid is decomposed 
by solar light, and thereby yields oxygen gas, in so 
far may it be considered useful to vegetation ; but it 
is not, undei* any ci^rcumstances, necessary to that 
process, if oxygen gas be duly applied from any 
other source^ 



513. Besides furnishing oxygen gas, by the de- 
composition of carbonic acid, many writers have sup^ 
posed that the leaves of plants afforded it, also, by 
the decomposition of waten This opinion, how^- 
ever, seems rather to have been inferred from rea- 
soning, than proved by experiment. Vegetables, it is 
said, augment their bulk, when furnished only with 
water and air ; and since oxygen and hydrogen (the 
constituents of water) are likewise two of the most 
abundant ingredients in plants, it is inferred that wa^ 
ter suffers decomposition, and is thereby enabled to 
contribute to the nutrition of the plant. Because, 
also, the leaves of plants cdntain inflammable matter, 
and, in certain circumstances, emit oxygen gas, IML 
BerthoUet was led to suppose, that, when exposed to 
die sun, they possessed the power of decomposing 
water, as well as carbonic acid. In this maimer, he 
believed that the oxygen was derived from two 
sources 5 while the hydrogen of the water and the 
carbon of the acid contributed to form the resinous 
or inflammable matter ^. It is the evidence adduced 
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hi suppprt of this supposed decomposition of wateri 
and CQQsequent production of oxygen^ th^t we pro- 
po$i$ now to examine* 

S14« It has been said, that, when the leaves of 
plants are expose^ to light, in contact with pure wa- 
ter only, they aflford oxygen gas, — a proof that their 
vessels are able, when assisted by the action of light, 
to decompose a portion of the water which they ab- 
sorb *. This oxygen, however, may proceed from 
so many other sources, that the quantity afforded 
oannot be received as proof that it is derived from the 
decomposition of wafer ; and the small portion that 
is yielded by leaves, when thus placed in water, may, 
with greater probability, be ascribed to the ai? ac- 
tually existing in the substaiice of the leaf before its 
immersion, 

515. But an experiment of Mr Davy seems to af* 
ford the best evidence that has been adduced on thi$ 
subject. He filled a glass cylinder, of the capacity 
of ten cubic inches, with mercury ; and then convey- 
ed into it two small vine leaves^^ which were passed 
through the mercury, so as to detach all atmospheric 
air from them. The mercurial apparatus was now 
inserted in a vessel of cold water j and aqueous gas, 
furnished from another vessel containing water, 
which had been long in ebullition, was passed through 
a long tube into the cylinder, where it was condei^^ 
sed by the cold mercury. lu this manner, the cylin- 
der was filled with water that held no air in solution, 
and, in this state> it was exposed to light. In a very 
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short tim^, air globules b^an te form on the leares^ 
w4 in ^bout six hours suffici^t air w^s collect^ to 
be examined ; it measured two cubic inches and s^ 
half, and was nearly pure oxygen gas. Since, in 
this experiment, no gas of any kind was held in sO"* 
lution by the water, and pure oxygen gas was pro-r 
duced, it must have arisen, says Mr Davy,, from thq 
decomposition of the water, by the combination of 
its oxygen with light, and of its hydrogen with the 
vegetable *. 

516. But although it be granted that the water' 
employied, and the surfaces of the leaves, were, in this 
experiment, freed from air, yet the aeriform fluid in 
their substance was not expelled. That such a fluid 
exists in leaves, has been clearly established ; and^ 
indeed, Mr Davy's own experiments shew, that, 
when leaves are confined either in nitrogen or in hy-* 
^drogen gas, they afford oxygen gas in sunshiae^ 
Thus, a small plant of minianet, exposed to the suq 
in twenty-eight cubic inches of hydrogen gas, yield- 
ed two and a half cubic inches of oxygen ; and in 
experiments made with leaves in nitrogen gas, six- 
tenths of a cubic inch of oxygeti were obtained f. 
Mr Davy, indeed, supposed this oxygen tq proceed^ 
from the decomposition of the water of the plant ; 
but this is to take for granted the thing that re- 
quires to be proved ; and the supposition cannot be 
received, until the source of fallacy just stated has^ 
been first disposed of* 

517. If water were decomposed by plants, no goo4 
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reason occurs why its hydrogen should not be Itbe* 
rated, as well as its oxygen is supposed to be i fat 
oxygen enters more abundantly into the compoeitioa 
of the vegetable than hydrogen does, and may^ 
therefore, be supposed to possess an affinity equally 
strong for the other elements of the vegetable sub- 
stance. Neither, if we admit the liberation of oxy- 
gen by these means, does it follow, that the mere 
absence of hydrogen is sufficient to authorise the 
conclusion that it has actually combined with the 
plant, and been converted into vegetable matter; 
for, as far as observation yet goes, organised bodies 
do not appear to be increased in bulk, by matter sup- 
plied in an elementary form, but in a state of com- 
bination ) and the augmentation, whic% vegetables 
receive by the function of assimilation, seems to be 
very different from the mere aggregation of particles, 
which fonii an inanitqiate substance by the operajdon 
of chemical affinity, or by the laws of crystallization* 
£18. The subject of the decomposition of water in 
vegetation has paJrticularly engaged the attention of 
M. de Saussure. He observes that plants, vegetatipg, 
by the aid of distilled water, in oxygen gas, or in 
common air deprived of its carbonic acid, au^ent 
their weight. This increase of weight, however, af- 
fords, says he, no proof of the decomposition of the 
water, nor of the fixation of its elements, since it 
may be owing to the mere introduction of that fluid 
into the vegetable ; and, from many experiments, he 
satisfied himself, that, when plants are reduced to 
the same state of dryness before and after the experi- 
iiicnt, this apparent augmentation of their weight is 
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little, if at all perceptible. He placed, three plants 
of lysimachia vulgaris^ weighing 129:^; grains, in are* 
dpient containing 250 cubie inches of common air 
deprived of its carbonic acid, the roots of the plants 
being plunged in a little distilled water. The plants 
were then kept, alternately in sunshine and in the 
shade, for eight day^, at the end of which time they 
were perfectly sound, and had grown cpnsidera- 
Uy, but had not at all affected the purity or the 
Yolume of their atmosphere. In their green state, 
they now weighed 141 grains, and, after being dried 
in the common temperature of the atmosphere^ their 
weight was only 40i grains. Similar plants, precise- 
ly of the same weight, were, at the same time, gather- 
ed and dried in the same manner, and were found to 
weigh S8i grains ; so that those plants, which had 
grown eight days in confined air, exceeded them in 
weight, when both were reduced to the same state 
of dryness, only by two grains. These comparative 
experiments he repeated many times on different 
plants, and prolonged them to a fortnight or even a 
month ; but he never found the weight of the cour 
fined plants to exceed that of others, which had not 
been confined, by more than two grains, and somer 
times not at all, although they had, in some cases, 
grown several inches in length ^. 

519. To these experiments it may, perhaps, be obT 
jected, that the difficulty of reducing plants to a sir 
milar degree of dryness prevents us from arriving at 
any very accurate knowledge of their solid substance. 
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Though this,, however, should be, in some degree, 
allowed, yet it must be granted, that the similarity 
of result, obtained in a great many trials, and the 
fact that no greater additional weight was acquired 
by the plants in a month than in eight days, although 
their bulk had then greatly increased, give great 
weight to the inference deduced from these experi- 
ments, since they shew that water, even if it be said 
to be decomposed, adds little or nothing to the 
solid vegetable substance. 

520. But the great argument for the decomposi* 
tion of water is dra\^'n from the production of oxygen 
gas ; and were it, therefore, to be said, that, in these 
plants, the two grains in weight were acquired by the 
addition of the hydrogen of the water, the plants, 
adds M. de Saussure, should have eliminated all the 
oxygen with which this quantity of hydrogen was 
combined, that is to say, at least 22 cubic inches, 
which should have been found in the recipient ; 
whereas, it has been stated, that the atmosphere ex- 
perienced no alteration whatever*. In the same 
manner, 19 cubic inches of oxygen should have been 
eliminated in an experiment made on some plants of 
'oinca minor ; but neither had their atmosphere un« 
dergone any sensible change f. If it be said, that the 
oxygen was converted into vegetable matter, a^ well 
as the hydrogen, then the argument for the decom- 
position of water, derived from the production of oxy- 
gen, necessarily falls to the ground ; and as no evi- 
dence of this decomposition afterwards remains, 
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there is no just redson for supposing that it ever take^ 
place. 

J21. As farther arguments against the decompo- 
sition of water, M. de Saussure observes, that he 
could never find in the atmosphere of confined plants^ 
which grew many months in sunshine, any additional 
quantity of oxygen, which, however, might have 
been expected if they had directly decomposed wa- 
ter ; but the air, in general, suffered no sensible 
change * . Whenever plants aiibrded oxygen gas in 
sunshine, it proceeded not from the decomposition of 
water, but of the carbonic acid contained in the sub* 
stance of the leaf f ; for when solution of potassa 
was placed in the vessel to attract the carbonic acid^ 
the leaves then afforded no oxygen gas J. From 
these and other facts, M. de Saussure concludes^ 
that living plants do not^ in any case, directly decom- 
pose water, by assimilating its hydrogen, and expeU 
ling its oxygen in a gaseous form ; nor do they ever 
afford oxygen gas, but by the immediate decomposi-^ 
tion of carbonic acid §• This conclusion seems to be 
fiilly warranted by the facts above stated, and per-* 
fiBCtly accords with the opinion delivered (3170 ^ ^ 
former section. 

• 522; But though the preceding experimentts (51 8*) 
T&nd no .support to the opinion that water is decom^ 
posed by groi^ng vegetables, or even combined and 
&ced ia them during vegetation, yet M. de Saussure 
bdfeves ibis fixation to be prevented by the deficien- 

* Recherches Cfainr. p. 5?dO. 1 1^'^^- P* 233. 
, i ibid, p. 236. § Ibid. [\ 237. 



238 

ty of carbonic matter, deeming it probable that the 
quantity of oxygen and hydrogen in plants cannot be 
increased beyond certain limits, unless the carbon be 
supplied in proportion. To verify this idea, he re-> 
fers to the experiments made on plants which grew 
in atmospheres of common air containing carbonic 
acid (3 to.), and in which that gas was decomposed^ 
and oxygen gas expelled. He considers the carbon^ 
which was previously united with this oxygen^ to have 
been assimilated by the plant, and thereby to have 
augmented its vegetable substance. Thus the 21^75 
cubic inches of carbonic add, decomposed by the se-^ 
ven plants of vinca minory afforded to the plants 4.S 
grains of carbon« These plants weighed, in their 
green state, before the experiment, 168^ grains, and 
contained 5 1 grains of dry vegetable matter ; but, 
when reduced to dryness after the experiment^ thdr 
weight amounted to 6 1 grains ; so that, after thus 
decomposing the carbonic acid, their vegetable sub* 
stance, it is said, was increased by ten grains. But 
of these ten grains, 4.2 only can be attributed to the 
carbon of the acid, and therefore the remaining weighty 
equal to 5.8 grains, must, says M. de Saussure, he 
ascribed to the fixation or solidificatioa of water* 
Plants of mentka cryim/ioff, in the same manner^ aug- 
mented their dry vegetable substance by six grains^ 
of which one half is ascribed to the asgamil?t?<in of 
carbon, and the other half to the fixation o£ water *« 
52d« In oppi^sition to this view of vegetable nutria 
tk>n« we mav i^b^^r\x\ that euolated nlants. which 
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decompd^ no carbonic acid, and therefore niay b^ 
presumed to assimilate no carbon, contain, neverthe- 
less, hydrogen, oxygen and carbon, as well as greea 
plants in which this assimilated carbon is supposed to 
perform so important an office } so that, in such 
plants, at least, this supposed use of carbon, in pro- 
moting the fixation of water, is not necessary to vege- 
table nutrition and growth. Carbonic acid, also, seems 
to be decomposed in the cellular structure or paren- 
chyme of the leaf, and not in its vascular system ; 
and, for reasons already stated (468.)9 it appears to 
contribute rather to the augmentation of its resinous 
or colourable matter, than to its nutrition and growth. 
Admitting, therefore, that carbon is retained in the 
plant, there is no evidence of its assimilation^ in the 
proper physiological sense of that term j for the resi^ 
nous matter, which it contributes to form, is not a 
part of the vegetable structure, but a chemical pro- 
duct, which, according as light is either admitted or 
excluded, may, or may not, be formed or withdrawn, 
v/ithout injury to the organic structure of the plant. 
524. In our apprehension of the term assimilatumy 
it is that function or power^ which living bodies pos- 
sess, of converting and applying inorganic matter to 
their own support and increase, in a manner which has 
not yet been imitated by any mechanical or chemical 
means ; and this function we believe to be perform- 
ed, in the vascular system of plants, by a slow and 
successive series of changes, which the vegetable is 
able to carry on and accomplish, only while it posses^ 
ses life. These changes, as far as regards the sub^ 
stances concerned, maybe considered ch(im\ca\ •, V»\\.^ 
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in relation to the instruments by which thef are pet- 
formed, and the living power necessary to their eze» 
cution, they do not fall to be considered as^ objects ci 
that science. To conclude, that, because carbon is 
retained in the plant, it is at once assimilated and ap- 
plied as food for its support, is to reduce the series 
of important changes, which terminates in vegetable 
nutrition, to one solitary chemical action, which we 
have seen to go on in circumstances and situations 
totally independent of the living powers and proper- 
ties of the plant. 

325. Neither because vegetables are chiefly compos- 
ed of oxygen, hydrogen and carbon, and because Wa*' 
ter and carbonic acid are composed of the same ele- 
ments, are we therefore entitled to suppose that these 
substances, by a chemical action upon each other, 
are, or can be, converted into vegetable matter^ and 
disposed into that fine and varied structure which we 
trail a plant. It is this structure itself which alone is ca- 
pable of executing these changes ; and the chemist can 
do no more than furnish the materials to carry them 
on, or, by varying the circumstances of the acdon, in 
)5ome degree modify its result. The mere exertion 
t>f the afGnities of bodies, be they what they may^ 
x:an never compound an organic structure, whose 
xiistinctive character or essence depends^ not on the 
nature of its substance or elements, but on the mode 
of their composition and arrangement, and on the 
properties which, as living mattef, they-acquire and 
possess. In physiology, therefore, it is necessary to 
consider, not merely the chemical nature of the bo- 
dies concerned, ^nd o{ xlve corcvbvna.tions into which 
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they enter, but, likewise, the structure and properties 
of the instruments, by which these comlnnations are 
dSFected. It is, we believe, chiefly from inattention 
to these circumstances, that chemical hypotheses in 
physiology, though apparently consistent with che- 
mical principles, have seldom recdived the approba- 
tionof those, who, from their knowledge of the struc- 
ture and properties of living bodies, are, perhaps, 
best entitled to decide upon them; and, notwith- 
standing the confidence with which such hypotheses 
have been sometimes proposed, they have rarely ex* 
tended beyond the confines of the laboratory in 
which they were formed* 



526. Now that we have distinctly considered the 
dfects: which growing vegetables produce in the air, 
both when they are exposed to the sun, and when 
they are placed in the shade, it may, perhaps, be ex- 
pected that we should add a few observations on the 
general question of the purification of the atmosphere 
liy vegetation, to which so much importance has 
been attached. It appears, then, that oxygen gas is 
essential to vegetation; and that plants, at all times, 
both ia sunshine and in the shade, convert it into 
carbonic acid. In sunshine, however, and probably, 
-also, in some degree, in the shade, they possess the 
power of reconverting carbonic acid into oxygen 
gas ; hence, therefore, the question, as to the abso- 
lute depravation or purification of the atmosphere by 
vcfgetation, must be decided by the diSereacft m iflt- 
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gree in which one or other of these operations is 
found to prevail. 

527* If^ then, from what has now been stated, it ap- 
pear, that living plants, at all times, and in all ^tua- 
tidns, require the presence of oxygen gas, and, du- 
ring their growth, uniformly convert it into carbonic 
acid ; and if it also appear, that the same plants, on* 
ly at some times, and in some situations, decompose 
carbonic acid, and thereby afiFord oxygen gas to the 
atmosphere, it evidently follows, that, as the con- 
sumption of oxygeh is uniform and general, it must 
exceed, in extent^ its production, which is only occa- 
sional and partial. Add tb this, that the plants 
which, during sunshine, are employed in producing 
oxygen, are, at the same time, engaged in consum- 
ing it ; so that, even during that period, they may 
probably make no absolute addition of oxygen to the 
air ; and, at other periods, they must, in common 
with other plants, directly deprave it* When, how- 
ever^ these two operations go on at the same time in 
sunshine, it is difficult to estimate the rate at which 
they respectively proceed, and, consequently, to de* 
termine the ratio which they bear to each other. 

J28. To the consumption of oxygen gas by plants 
which grow in the open atmosphere, no other limits 
appear to be placed than those which are afforded 
by the size of the plant, and the extent and vigour 
of its vegetative powet ; but the production of this 
gas by plants must depend on the supply of carbonic 
acid, and on the presence and efficiency of solar light. 
In consequence of the power which plants possess of 
simultaneously foTmin^ ^ud decomposing (SO80 car- 
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bonic add in sunshine, we have seen, that, when 
confined for long periods in a given quantity of air, 
they ptt'oduce in it little or no permanent change ; 
but how hi these ttro operations thus compensate 
each other in the open air, we possess not the means 
of deciding. To us, however, it appeats, that, in 
the open atmosphere, vegetables can receive carbonic 
acid only, or chiefly, by means of their absorbed 
fluids ; for the air that Surrounds them^ unlike that 
in closed vessels, scarcely contains any sensible 
portion of this acid, and, did it contain more, this 
gas would probably diffuse itself more readily through 
the atmosphere^ than enter the substance of plants. 
In this view; therefore^ although plants, in closed 
vessels, may maintain the atmosphere in a permanent 
state of purity, they may not be able to do so in the 
open air, from not receiving so abundant a supply of 
acid gas. 

529. On the other hand, it appears, that cairbonic 
acid is largely conveyed into plants, both in a state 
of simple solution, and of combination with alkaline 
matter ^ that these saline compounds are decomposed 
by light ; and that the carbonic acid, at the same in- 
stant, is resolved into its constituent elements, so as 
to yield its oxygen to the air. These' decoinpo- 
sitions we have seen to be purely chemical, and 
to depend immediately on the presence and ope- 
ration of light; hence their extent and rapidi- 
ty will be bounded only by the supply of acid, 
and by the decomposing power which light is able to 
exerL Thus, in young and succulent plants,' which 
possess abundance of saline matter, the green colour 

02 
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rapidly forms, and carbonic acid is decomposed, so 
as to furnish oxygen to the atmosphere in a quantity 
that appears to exceed considerably that whifib the 
plant, by its vegetation, is, in t)ie same time,^ ^ble to 
consume. If, indeed, in certain circumstances, the 
decomposition of carbonic acid by plants did not ex- 
ceed its formation, it is difficult to conceive how the 
composition of the air could be maintained unchang- 
ed in the experiments of M. de Saussure (^9Q$.)i 
since the portion of time, in whiqh the plants were 
exposed to the sun, was much l^s than that in which 
they were kept in the shade ; and, even in sunshim^ 
they were equc^ly employed in forming; carbonic 
acid, although, on many occasions, np trace of it 
could be discovered. They must, therefore, in the 
shorter period in which they were exposed to the 
sun, have decomposed not only all the acid which 
they had previously formed in the shade, but. all that» 
also, which their vegetation produced while this de- 
composition was going on. These considerations, 
therefore, raise our view of the extent and impor- 
tance of this decomposing power in plants ; but, 
giving to them all the weight they deserve, we think, 
from the various facts and circumstances already 
stated, that growing vegetables deprave the atmos- 
phere in a degree that greatly surpasses their power 
to ameliorate and improve it. 

530. But if the operation of vegetables in purify- 
ing Qur atmosphere be, even under the most fa\coura- 
ble circumstances^ merely negative, and if, upon the 
whole, they must, like animals, be considered great- 
ly ta deprave it, where^ it may be asked, are we ta 
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took for those causes of puriikationj by the opera^ 
don of' which, the uniformity of composition in the 
atmosphere is, at all times, and in all situations, 
maintained? To this most interesting, but difficult 
question, no satisfactory answer can, we think, be 
returned, in the present state of chemical knowledge. 
The modes in which the atmosphere is depraved 
by the living functions of animals and vegetables, 
by combustion, and by various other processes, in 
which its oxygen is withdrawn and made to enter in- 
to new combinations, are pretty well known, and, 
to a certain extent, may be appreciated with tolerable 
accuracy ; but the various means by which this oxy- 
gen is released from its combinations, in the diversi- 
fied modes of decomposition which are perpetually 
taking place, have been much less regarded, and 
cannot, therefore, with equal accuracy, be traced. 
Until this department of chemistry attain to greater 
perfection, it is, therefore, impossible to present a 
tolerably accurate view of this subject. We may, 
however, be certain of the general fact, that, as oxy- 
gen is withdrawn from our atmosphere, in order to 
enter into new combinations, so it can again be re- 
stored to it only by decompositions which shall set it 
free ; and these decompositions must be as nunferous, 
and to an extent as great, as the combinations to 
which they succeed. To follow, however, this circle 
of actions through all its round, may demand the 
persevering industry of ages ; and it is only when 
this shall be accomplished, that chemistry will have 
advanced our knowledge of the individual relations 
of our globe, in a degree corresponding mth xfeax \.^ 
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which physical astronomy has carried its general coif^ 
nections with the \iniverse. 

531. But there have been yrriters, who re$te4 
their vie^ys of the purification qf the atmosphere by 
vegetation, not sq much * on observation and experi- 
ment, as on what they conceived to be its necessity 
in the general econopiy of nature ; and, with . mo^e 
perhaps of piety than of prudence, and certainly with 
a ** zeal not according to knowledge," they have re- 
presented the contrary doctrine as derogatory to the 
wisdom of Providence, and a calumny against Nature 
herself* {t is indeed true, and it is among the most 
gratif)4ng truths in the pursuit of science, that evefy 
real step which we make in the knowledge of nature, 
serves to illustrate the skill and wisdom with which 
all its parts are contrived (o advance the general p\ur- 
poscs of the whole ; but of this ^hole, it should also, 
be recollected, that we, ^^ as yet, see but in part, and, 
as through a glass, darkly/* Hence imperfect and 
erroneous views of the onler of nature may be often 
taken, and false oHiclusions may be grounded en 
them ; and if these conclusions be afterwards an- 
nounced as ex:»inples of divine wisdcon, and be allow- 
ed to K^rrow ihe authority of frVrV/ cays€S for their 
suppi^ru the history v>l $ciciice abundantly testifies that 
the vainest conceits vxf tallihle man mav^ in time, come 
to be \ix>n>hippeJ as the wisest institutions of uner- 
ring nature* It behooves u^ thei>rfonL\ co employ no 
ordiiun* pi>rtkM\ ot delicacy and caution in pronoun- 
cing on the genera) pUm and purjws^>si of Providence, 
fn^m the little and )\anial views of natxuv^ which, at 
jMt^nt* 1^^ ait^ |\nv,i:tv\i to uKe. ';es!r. ia the effer-r 
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vescence of our zeal, we degrade the wisdom we 
pretend to exalt, and pervert the designs of the good- 
ness we profess to revere. 

532. With respect, also, to the chsTTge of calum^ 
mating nature, he, surely, who, by assiduous observa- 
tion of the facts which she offers to his contempla- 
tion, seeks to discover the laws of their connection, 
and proposes his opinion of those laws as the simple 
result of his inquiries, may be regarded less as a ca- 
lumniator, than he who supplies the imperfection 
and deficiency in his facts, by the suggestions of 
imagination, and confidently imposes upon nature 
laws and conditions, which she utterly disowns and 
disclaims. For ourselves, indeed, accustomed always 
to regard facts more than opinions, and to yield less 
deference to names than to things, we are little in- 
fluenced by those speculations, which, in the lan- 
guage of Bacon, may be pronounced antidpatmis, 
rather than interpretations^ of nature. Still less are 
we moved by considerations of the supposed conse^ 
quences which others may attach to our opinions, 
but embrace the sublime admonition of an eminent 
and philosophical Professor, — " To follow truth 
wheresoever she may lead us, and,, in all our re- 
searches, to be afraid of nothing but error." 
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ADDITIONS TO CHAP. III. 

OF THE CHANGES INDUCED ON THE AIR BT THE 
RESPIRATION OF ZOOPHYTES, WORMS, MOLLUSCA, 
INSECTS, FISHLS, AND REPTILES. 



533t JJiN our former chapter on the respiration of 
the lower animals, we followed nearly the classifica* 
tion of the Linnaean school ; but the farther we 
have advanced in our inquiries, the more have we 
perceived its imperfections. When treating simply of 
the changes induced on the air by the living functions 
of animals, we did not deem it iiecessary to enter 
minutely into the peculiarities of the animal struc- 
ture, since it was our object, at that time, rather to 
ascertain the general facts with respect to the air, 
than to describe the organs by which respiration is 
performed, or the effects which it produces in the 
system. In the prosecution of this last branch o^ 
our subject, we have been obliged to enter on a more 
minute survey of the ?mimal system ; and it became, \ 
therefore, an object of importance to adopt an ar- 
rangement ths^t should lead us through the chief va-f 
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nations of structure with the least possible difficulty, 
and in the most natural order. Unfortunately, the 
Linnaean method is not well suited to this purpose ; 
for being founded chiefiy on an attention to external 
characters, with little or no regard to anatomical 
structure, it has, in many cases, associated together 
animals, whose general form and habits are essential- 
ly different, and in whom no common anatomical 
characters can with propriety be said to reside. 

534. Since the time also of Linnaeus, great addi* 
tions have been made to this department of natural 
history ; and the anatomical resemblances and differ- 
ences in animals have been studied with a degree of 
2eal and success, unknown at any former period. 
Many improvements have, in consequence, been in- 
troduced into our systems of arrangement ; and the 
French naturalists, who have laboured in this field 
with distinguished ability, have been induced, not 
merely to propose numerous alterations in the classes 
of animals, already established, but to institute 
other classes, which are entirely new. M. Cuvier 
has increased the number of classes, into which Lin* 
nae4is divided the animal kingdom, from six to nine. 
This he has done, by forming into distinct classes, 
the Zoophytes and MbUusca, which ranked only as 
09.detB' of the class Vermes in the arrangement of 
Linnseus. He has, likewise, formed into a class, 

* 

under the title of Crustacea, the genera Cancer and 
Jtfonoculus, which stand as an order in the Insect 
[^cktss of Linnseus. The writer of the article, ** Clas- 
ication," in the last edition of Dr Rees's Cyclo- 
^dia, has followed Cuvier in the two former altera- 
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t{ons; but has replaced the two genera. Cancer 
and Monoculus, among the apterous insects. It is 
the arrangement of this author which we propose to 
follow in the remaining part of this work, because ^ 
appears to us tp be the most natural, precise, and 
comprehensive ; and, being founded entirely on apa^- 
tomical distinctions, it is best suited to display that 
progressive variation in the structure and functions 
of animals, which it will hereafter be our busiiiess to 
describe and explain. 

535. Conformably to these views, we shall consi- 
der the lowest and most simple anin\als as forming 
a distinct class, under the appellation of Zoophytes. 
In many individuals of this class, the necessary con* 
currence of water and heat to the commencement of 
living action has been already exemplified (48. et 
seq.) ; and the same agents are essentially necessary 
to the development of the ova, from which other 
animals of this class proceed. Spallanzani removed 
the liquid from a number of the eggs of animalcules, 
so as to leave them perfectly dry, and they remained 
unchanged for ten days ; but on putting them into 
their native liquid, they were soon hatched ^. So, 
likewise, he found, that, although great cold did not 
destroy the living faculty, in many animalcular ova, 
yet it suspended their evolution, which was always 
promoted by a due degree of heat. 

336. With respect to the operation of air, the 
same author has remarked, that he never found any 
animalcule to Ix^ produced in vegetable infusions 
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which were placed in vacuo^ though the reverse unL 
formly happened, when the receiver contained a cer^ 
tain quantity of air. If, however^ infusions, container 
ipg animalcules, were placed under the exhausted re- 
ceiver, the animalcules lived many days, but perished 
long before others of the same kind, which were 
k:ept in the open air *. It may be doubted, how- 
ever, whether the vacuum w;as in these experiments 
rendered perfect ; for Dr Hooke found, that, when a 
c^uantity of vinegar, replete with eels, was included 
i^ a small phial, apd stopped very close, all the in^ 
eluded animals in a very short time died, as if they 
had been stifled f. The specific change effected ii^ 
the air, by the respiration of this class of animals, 
may be inferred from the experiments of Mr Davy, 
who found (52.) that zoophytes not only require 
the presence of air in the water in which they live, 
but act upon it like fishes, that is, convert its oxyr 
gen ga(s into carbonic acid. 

'5S7. In the class Vermes, which falls next to b^ 
noticed in the order of our present arrangement, the 
first experiments, which we have piet with, were 
made by the celebrated Scheele. He kept some 
leeches in a closed phial, which was half filled witl^ 
water, and half with air, till they died. He then 
examined the air. It had no peculiar smell, but it 
extinguished the flame of a candle. These animals 
he found would live two years in the s^xne v^er, 
when it had a free communication witl\ the air ; but 
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they died in two days, in a bottle quite filled with 
water, and closely stopped ; and the water, when exr 
amined, contained no oxygen gas *• 

5S8. We have before detailed (65.) the accurate 
experiments of M. Vauquelin, on slugs and snails, 
which belong to the third or MoUusca class. He 
found that the oxygen gas of atmospheric air was 
completely changed into carbonic acid, without any 
alteration taking place in the whole bulk of air em* 
ployed, or in the quality of its nitrogenous portion. 
Consequently, the bulk of acid gas produced must 
have exactly equalled that of oxygen g^ lost, and no 
portion of oxygen could, therefore, have been retain- 
ed in the animal system. 

539. We have already endeavoured (56. et seq.) 
to point out the fallacies in Spallanzani*s experi- 
ments, which seemed to militate against these con- 
elusions. Of this writer^s labours, three additional 
volumes, containing reports of several thousand ex- 
periments, have been since published by M. Sene- 
bier f. They do great credit to his industry, but, 
for accuracy and precision, they will not bear Si c(Mn- 
parison with those of the justly celebrated chemist, 
whom we before mentioned. In these experiments, 
the changes produced in the air by living animals, by 
animals rec^itly dead, and by others under a state of 
putrefaction, form the chief subjects of investigation. 
In all cases, the oxygen gas of the surrounding air 



• Treat, on Air ai^d F^re^ p. 1 67. 
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more or less disappeared, and carbonic acid was, in a 
^eater or less degree, produced. Sometimes the 
consumption of oxygen was complete, and aa equal 
bulk of carbonic acid was produced ; at other times, 
tbe oxygen gas only partially disappeared, and the 
carbonic acid formed was in a much smaller propor- 
tion. Sometimes the nitrogen was in part consumed^ 
at other times it remained unaltered, and in some in* 
stances its quantity was actually increased ; yet no 
attempt is made to investigate the causes of this dis- 
cordance, or to discover the sources whence such 
great variations could proceed. Equal credit seems 
to have been attached to the most imperfect and the 
most perfect trials ;. and the author appears, by die 
repetition of his experiments, to have simply added 
to their number without proportionally increasing 
their value. Of the laboursof his predecessors and 
contemporaries he seems either to have been entirely 
. ignorant, or to have maintained an injurious silence ; 
^d hence he is sometimes found to announce well- 
Ipiown facts, with all the surprise and importance of 
new discoveries. Lastly, the effects produced in the 
air by living, by dead^ and even by putrefying ani^ 
mals, are considered by him to proceed from the same 
causes, and to be accomplished in a similar manner ; 
and thus the results of decomposition are uniformly 
qonfounded with those which succeed to the exercise 
qf living action. 

540. From these various sources of inaccuracy, it 

is scarcely possible to deduce, from this author's ex- 

jperiments, any thing farther, with regard to respira-* 

tion, than the general facts, that, in all ammaU, ois^- 
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gen ga8 is necessary to the continuance of living bH* 
tion ; that this gas disappears during the exercise of 
the respiratory function ; and that a pcAtion of car-^ 
bonic acid is, at the same time^ produced : but thc^ 
real nature of these changes in the air, the extent to 
which they proceed, and the mode in which they are 
accomplished, cannot be learned from the labours of 
Spallanzani. With all his zeal for experimeiit, and 
all his ingenuity, this philosopher, indeed, seems not 
clearly to have apprehended the true nature and ob- 
jects of experimental science; The mere multiplica- 
tioQ of experiments serves only to multiply error^ 
unless the mind exercise a severe judgment over the 
obMrvaticms of sense, and, by separating what is ne- 
eessarv from what is accidental, endeavour to trace 
the order and succession of events, and to ascertain 
the mode and dcgreevin which they are finally ac-^ 
compUshed. ^ Induction enim, quae procedit per 
enumerationaai sim[dicem,** says the great Fadier of 
experimental science^ ^^ res piierilis est, et precario 
ccndudit; et periculo exponitur ab instantia contradio- 
tcra^ er plerumque secundum paudora quam par est» 
et ex his tantummc^ quae |Nr:^!5n> sont^ ]mmiiaciat;» 
At tiiiAft*^Wk quie ad invt^tknem et datnoBstratiaQem 
sdeniiarum et anium erit uiifis^ cituiam separare 
ck<M« per veih(Ctk«ie« <t exdissk^oes «2ehe!as ; ac 
dtVKle fiMt n;;^!atirx$ tv>t quot ^^ificicm « sopor affir- 

»d Tt«tctioct $&i!! l< xujKie^ :he fk:^ :h;3s acqsRd 
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Wiil still remain barren and unproductive, if not 
quickened into life by the pervading energy of the 
mind. This ** commercium mentis et rerum,'* it 
was, indeed, the great aim of Lord Bacon's philosophy 
to promote^ " For thoughts," says one of his ear* 
liest disciples, •* cannot work upon nothing, no more 
than hands. He that would build a house^ must 
provide materials ; and, on the contrary, the mate- 
rials will never become a house, Unless, by certain 
rules, we join .them all together. Soj it is not simply 
the knowledge of many things, but a multifarious 
copulation bf them in the mind, that becomes prolific 
of farther knowledge *." 

541. Concerning the respiration of insects, we be-' 
fore remarked (»^1.)j ^^^^ ^^e ancients observed these 
animals to die when their bodies were smeared ovet 
vnth oil, which effect Mr Ray rightly attributed to 
the *' intercluding of the air/' Mr Boyle, among 
the almost innumerable experiments which he made 
with the air-pump, found, that flies, bees, and butter- 
flies died in a few minutes when the receiver was ex- 
hausted of its air. It was notable also, he adds, that 
though bees and flies will walk and fly a great while 
after their heads are cut off, or even one half of the 
body move several hours after being severed from 
the other, yet, upon the exsuction of the air, not only 
the motion of the body, but of the limbs, ceases, as 
if the presence of air were more necessary than that 
0f their own heads t- 
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542. In our former work, we ascribed the first 
dliscovery of the specific changes which insects induce 
on the air to M. Vauquelln ; but we have since found, 
that it ought rather to have been given to Scheele. 
He shut up several flies in a phial, and in a few days 
they all died, but had not diminished the volume of 
ain Milk of lime, however, reduced the bulk of re- 
sidual air one-fourth part, and the remaining air ex- 
tinguished a taper. He likewise inclosed a bee in a 
bottle, containing 20 ounce measures of air. A small 
piece of lime was, at the same time, introduced into 
the bottle, and in its side, near the bottom, a small 
hole was mad^. The bottle was then immersed in 
water, and as the water passed in, a quantity of lime- 
water was formed, which attracted the carbonic add 
produced by the insects. As by this attraction of acid 
the volume of air continued to diminish, the water also 
continued to enter through the hole, until, by the se- 
venth day, it had risen to about one-fourth of the 
height of the bottle. If two bees were put into the 
bottle, the same quantity of sur was changed into 
carbonic acid in half the time ; and he found also, 
that caterpillars and butterflies produced similar ef- 
fects in the air. 

543. To prove that it was the oxygenous portion 
of the air that was thus changed into carbonic acid, 
he confined two large bees in the same bottle, when 
it was filled with oxygen gas; and then set it to 
stand in milk of lime. He observed every day the 
milk of lime to rise through the hole into the bottle; 
and by the eighth day, the vessel was nearly filled 
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with it, and the bees were dead *• No experiments 
can more clearly shew the necessity of oxygen gas 
to the life of insects } nor more completely demon- 
strate its almost entire conversion into carbonic acid. 

544. The ova of insects, not less than the perfect 
animals^ require the combined operation of water, 
heat, and air, to carry forward their evolution. 
Many of these ova are deposited in water, and are 
evolved only during their immersion in that fluid ; 
and the influence of heat is strikingly exemplified by 
the fact, that it is only during the warmer part of the 
year that the young broods of insects appear. That 
air, alsd, is necessary, may be concluded from the 
experiments of Spallanzani, who placed the eggs 
both of terrestrial and aquatic insects under the ex-* 
hausted receiver of an air-pump, but none of them 
were hatched, although every other condition, neces- 
sary to their developoient, was present f. He found, 
alsoy that the ova of various insects were evolved in 
large vessels, even when the vessels were hermeti- 
cally sealed ; but, in proportion as the size of the 
vessels was diminished, the progress of evolution 
was retarded, and when the volume of air was re- 
duced to a few inches, no signs of evolution then 
took place |. 

545. The same observations may be extended to 
the intermediate, or larva state of insects. Spallan- 
zani ascertained that these larvae soon died when 
confined in vacuo, or in close vessels of air, though 
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abundantly supplied with food *. He discovered al* 
so, that they sooh perished in nitrogen and hydrogen 
gases ; that oxygen gas was necessary to support 
their life, and Was consumed by their respiration; 
and that a quantity of carbonic acid was produced. 
The cabbage and silk-worm caterpillars consumed, 
more or less completely, the oxygen gas of the air, 
and produced carbonic acid. The more vigorous 
and active they were, the more oxygen they consum- 
ed. In a high temperature, also, they consumed 
more than in a low one ; and when the. temperature 
fell to zerOj they then produced no change whatever 
in the air employed f. He found, likewise, the lar* 
vae of the dragon-fly, snd of other aquatic insects, to 
require the presence of oxygen, in the water in which 
they lived, to consume it by the exercise of iheir 
living functions, and to form carbonic acid I. 

546. If, farther, we follow the larva to its cA;y- 
salU or pupa state, it will be found still to require 
the presence of the same agents, to enable it to go 
through its series of successive changes. The influ- 
ence of heat, in carrying forward these changes, is 
well illustrated by some experiments of M. d^ Reau- 
mur.. That celebrated naturalist placed the pupae 
of many species of insects in a green house, and the 
butterflies appeared in the middle of winter, some in 
ten or twelve days, others in three weeks, and others 
at a later period, corresponding to the earlier or la- 
ter periods at which they naturally appear in the sum- 
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mer months. All of them, however, changed much 
more rapidly, from the permanent continuance of 
the heat, than if they had been exposed, even in 
summer, to the variable temperature of the open ain 
The insects, thus prematurely produced, were per- 
fect in all their parts, and the females laid their eggs 
as ususi^; so that, by this method, butterflies may be 
made capable of giving birth to two generations in 
the year, though in ordinary circumstances they af- 
ford but one. The same results were obtained by expe- 
riments made on the pupse of various other insects. 

547. M. de Reaumur, likewise, confined several 
pupas in a hollow sphere of glass, and placed them^ 
with the eggs, under a brood-hen, leaving an aper- 
ture in the glass, by which fresh air could enter. 
The next day, the interior sides of the glass were 
covered with vapour that issued from the pupas, and 
had collected ihto small drops of water. These were 
removed, and did not appear afterwards, the greatest 
transjriration having occurred during the first day. At 
the end of four days, he saw, as he observes, the first 
butterfly that had, perhaps, ever been born under a 
hen, and the first of this spe^jes of pupa that had 
ever remained so short a time. in that state ; for others 
of the same species, in the open air, require from 
twelve to sixteen days to complete the same series of 
changes*. 

548. On the other hand, by keeping the pupae of 
insects in a vault, where the temperature was only 
8 or 10*^ Reaum. above the freezing point, their e- 
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volution was retarded in the sununer season^ and, 
instead of being changed into butterflies in July, they 
still retained their pupa state in the month of No* 
vember. In this manner, they were kept more than 
a year in their pupa state, and this mode of existence 
might probably be prolonged for many years, with- 
out affecting their power of reviviscence, especially 
if they were kept in an ice-house, where the tempe- 
rature did not rise above zero *. 

549. That air is necessary to the development 
of these animals, may be inferred from th^ experi* 
ments of the same author. In July, Reaumur con- 
fined the pupse of butterflies ^^ld moths in glass 
tubes four or five inches long, which were hermeti- 
cally sealed ; and, in these circumstances, they re- 
mained in their original state for mo.e tlian five 
months, without indicating any appearance of deve- 
lopment t* But when Spallan?ani kept the pupae 
of silk- worms in larger tubes, which were likewise 
sealed, their evolution proceeded, and they attained 
their perfect insect state. Similar observations were 
made on the pups of flies and butterflies \ ; and we 
may therefore concise, that fresh air is necessary to 
carry forward the ch^ge of the insect from its pupa, 
to its fly state. By subsequent experiments, Spal- 
lanzani also found, that the oxygen gas of the air 
was consumed in the transformation of the pupa to 
tfie insect \ that carbonic acid was produced, but that 
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the nitrogenous portion of the air remained unalter- 
ed. In temperatures at or below zero, no change 
however was produced in the quality of the air *. 
We repeated these experiments on the pupas of the 
common fly, and found, that, during their transfor- 
mation, they consumed all the oxygen gas of the air 
m which they were confined, and produced an equal 
volume of carbonic acid. 



350. It has been already shewn (63.% that Fishes 
require the presence of oxygen gas in the water in 
which they live, and convert it into carbonic acid. 
Thesft facts have been confirmed by the experiments 
of M, Sylvestre t> and by those of Spallanzatli. 
The latter philosopher ascertaiped, by experiment, 
that fishes consume oxygen gas and produce carbo- 
nic acid, when confined either in water or in air ; 
that they lose their vivacity, but do not become le- 
thargic under cold, and then consume much less oxy- 
gen ; and that oxygen gas is changed into carbonic 
acid by thelir skins, as well as by their gills. ITieir bo- 
dies, also, act upon the air after death, and, like 
other animal substances, consume its oxygen under 
decomposition J. 

551. We are indebted to M. M. Humboldt and 
Proven9al, for experiments on the respiration of 
fishes, which possess still greater accuracy. Their 
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attention was first directed to ascertiun the quantity 
and composition of the air that exists naturally in 
river water. For this purpose, they filled glass*bal«^ 
loons with given quantities of water, takei^' from the 
river. Seine, and expelled the air from it by submitting 
it to ebullition. The air that came over was received 
in vessels filled with mercury, or with distilled water* 
recently boiled, that no foreign air might mix with 
that obtained from the water in the balloon. From 
the results of ten experiments, conducted in this man- 
ner, they found, that th^ water of the Seine contain- 
ed rather less than rz of its volume of air. This air 
they farther found to be composed of about -i^ oxy- 
gen, with from six to eleven per cent, carbonioi acid, 
and the remainder was nitrogen gas. The composi- 
tion of the air, contained in river- water, they state to 
be as constant in its proportions as that of the atmo- 
sphere ; for in experiments continued many months, 
in times of drought and during the meking of snow, 
the proportion of oxygen in the water of the Seine 
never varied more than from 0.309 to 0.314 *• 
This estimation of the quantity and composition of 
the air, contained in river*water, does not differ so 
much as might have been expected from that afford- 
ed by the water of springs ; for, according to Mr 
Dalton, air expelled from common spring water, after 
losing from five to ten per cent, carbonic acid, con- 
sists ofSSfier cent, of oxygen and 62 of nitrogen gasf. 
552. Having thus determined the quantity and 
Idnd of air contained in a given volume of river-wa- 
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ter, these chemists proceeded to ascertain the changes 
which it experienced by the respiration of fishes* 
With this view, they confined young fishes in bell- 
glasses of river-water, inverted over mercury ; and 
suffered them to remain till their^respiration became 
laborious. The animals were then withdrawn, and 
the water, in which they had respired, was transferred 
into the balloon, and its air expelled, by submitting it 
to ebullition, in the manner before stated. Seven 
tenches were, in this manner, confined in 4000 cu- 
bic centimeters, equal to 250.5 cubic inches of river- 
water, where they remained eight hours and a half. 
A portion of this water, equal to 2582 cubic centime- 
ters, or 161.5 cubic inches, was then transferred from 
the glass-bell into the balloon, and its air expelled by 
heat. The air, thus obtained, measured 453 parts, 
at temperature 50° Fahrenheit. These 453 parts 
were then washed in lime water, by which they were 
reduced to 300, so that 153 parts of carbonic acid 
were thus removed. The residue was afterwards 
analysed by combustion with hydrogen, and by mix- 
ture with nitrous gas ; and the mean of three analy" 
ses afforded 0.035 of oxygen ; wherefore it is con- 
cluded, that the 453 parts of air, obtained from wa- 
ter which had been in contact with the respiratory 
organs of fishes, consisted of 10.5 oxygen, 289.5 ni- 
trogen, and 153.0 carbonic acid gas. But by former 
experiments, it vtras found, that an equal volume of 
pure river-water afforded 524 parts of air, consisting 
of 155.9 oxygen, 347.1 nitrogen, and 21.0 carbonic 
acid ; consequently, say these chemists, these seven 
tenches have absorbed^ in eight hours, 145%4 of ox^- 
gen, and 57^6 of nitrogen gas ; and lYv€^ \iVi^ ^^^ 
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duced, in the same time, 132 parts of carbonic 
acid *. 

553. The fact of the disappearance of a portion 
of the air in this experiment we do not dispute ; ^ nei" 
ther do we questibn the accuracy of the analysis of 
the air which was actually obtained ; but to the no* 
tion that the air, which disappeared, was absorbed 
by the animal system, we cannot so readily accede. 
No reasons, either anatomical or chemical, are as- ^ 
signed in support of such an opinion ; neither is any 
evidence offered of the existence of these gases in the 
animal system, nor of their subsequent expulsion 
from it. The mere loss of a part of the oxygen 
seems to have afforded sufficient proof that the whole 
of it had first been absorbed ; and that the portion 
of it, not returned in the form of carbonic acid, was 
permanently retained in the system. We forbear to 
repeat the general arguments against an absorption, 
or attraction of air by the gills of fishes, which have 
been already stated (74.5), but shall notice a few 
sources of fallacy in these experiments, which may, 
perhaps, explain the manner in which a part of the air 
might disappear, without resorting to the improba- 
ble supposition of its absorption. 

554. The means of ascertaining with absolute pre- 
cision,^ the volumes of air before and afjter req>iration, 
have always constituted the great difficulty in experi- 
ments on this function, even in terrestrial animals ; but 
as the sources of fallacy have been successively de- 
tected and removed, the correspondence between the 



Merin* dWtcml^ Uawv, iu ^ 376'. ; 



\ 



265 

inspired and expired volumes of air has increased, 
so as, in most cases, to^have reached, at length, aa 
almost perfect equality. If, however, these diffi* 
culties exist, when we operate with air alone, how 
much more may they be expected to attend experi- 
ments on air, dissolved in water f In the experi- 
ments which have now been detailed, it may be 
said, that, if the same degree of ebullition were kept 
up9 the same quantity of air might be expected 
to be obtained from the w^ter, after the fishes 
had breathed in it, as before, provided this quan- 
tity really existed in it ; but as, by the act of re- 
spiration, the composition of the air is changed, this 
circumstance may, perhaps, vary the quantity re- 
tained by the distilled water through which it is sub- 
sequently passed, and thus occasion a variation in 
thd^ result. Farther, in the act of transferring the 
water from the glass-bell into the balloon, a consider- 
able portion of the acid gas might escape ; for, ac- 
cording to Scheele, the carbonic acid, formed by a- 
quatic animals, must always separate from the water, 
since, as carbonic acid, it does not remain with water 
in the open air * ; — a fact which is evinced by the 
small portion of caarbonic acid contained in river-wa- 
ter, notwithstanding the great quantities that must 
be constantly forming in it both by the livipg func- 
tions of animals, and by the decomposition of dead 
organised matter. 

555. That these, or other sources of fallacy, exist 
in these experiments, may be farther assumed from 
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the great variations in the results which theyaffoiiwe 
In a table, which presents the results of seven difi^lfem. 
ent experiments, conducted in a similar manner, iiM 5. 
consumption of oxygen to the carbonic acid producdjlfllear] 
is represented, in one instance, as bearing the {loia&io 
portion of 100 to 91 ; in another, the propailMiiWiiirtl 
as 100 to 50; and in a third experiment, as lOOVWat 
20 * ; so that the same animals appear, at onedmeji^ 
to have consumed only one-tenth ; at another doej 
t>ne-half ; and, at a third time, four-fifths of the oi}^ 
gen employed ;— contrarieties which sufficiently fc 1« 
monstrate the existence of some undiscovered souroei 
of error. These experiments, therefore, can be con- 
sidered as proving only the general fact of the con- 
version of oxygen gas into carbonic acid by the »* 
spiration of fishes ; but they do not enable us to d^ 
termine the actual extent to which this conversion 
proceeds. As, however, in the experiment that has 
been detailed (^552.), nine- tenths of the oxygen, 
which disappeared, were obtained in the form of car- 
bonic gas, it is, surely, more reasonable to suppose 
that the remaining one-tenth was converted into the 
same gas, than that it entered into, and was retained 
in the animal system. On this point we may be per- 
mitted to call in the aid of analogy ; for as, in the 
respiration of every other class of animals, the bulk 
of acid produced is proved to be nearly or exactly 
equal to that of oxygen consumed, it may be fairly 
inferred that a similar equality obtains in the respira- 
tion of fishes, to which, indeed, th*e volumes of ^ir ia 
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foregoing experiment make a near approxima- 



i556. In like manner, from the same table, we 

9 that, in some experiments, the loss of nitrogen 

unted to about tV ; in other instances, to one- 

th ; and in one case, it extended to about tt ^ 

at gas. This disappearance of nitrogen is, like- 

, in every instance, ascribed to absorption ; and 

e circumstance is pointed out as constituting an 

^^^ntaiportant difference between the respiration of fishes,. 

^.^^d of the mammaKa, in whom no absorption of nitro- 

3fe gen is conceived to take place. No other evidence, 

'1^! ^however, of tfeis absorption of nitrogen is afforded, 

? *than the mere disappearance of a portion of that gas j 

t.^ and all the differences in the results are at once as- 

^ -oibed to variation in the exercise of this supposed 

absorbing power. In any investigation purely chemi- 

. cal, we are persuaded that similar discrepancies would 

' have led to some attempts to discover their cause ; 

but, in the application of chemistry to physiology, the 

most contradictory results obtain equal credit, and ail 

the anomalies which may arise are at once charged, 

not to errors in experiment, but to some unknown 

operation of the animal system, which is called into 

existence for the mere purpose of carrying on some 

other operation, that is equally improbable and uun 

known. 

557. As the air dissolved in water does not exceed 

!! tV of the volume of that liquid, and only -i^ of this 

air are pure oxygen, the relation of fishes to the 

oxygen contained in water corresponds with that of 

an animal breathing in a gaseous mixture, which 
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contains less than -ri^ of that gas. This small quan- 
tity of oxygen gas in water might lead to the belkf 
that it is not so necessary to the life of fishes as of 
other animals ; but these animals soon suffer from 
the smallest suspension of their respiration ; and this 
. distress seems to arise more from the deficiency of 
oxygen, than from the presence of carbonic acid *• 
For when water is completely deprived of its oxygen, 
fishes die in it in a few minutes ; but if oxygen be 
present, they live very well in water that contaios 
more than one-eighth of its volume of carbonic 
acidf. 

558. To maintain the respirability^f the air dis- 
solved in water, ample means are provided. Dr 
Priestley long since remarked, that boiled water de- 
composed air by attracting its oxygen |. And Scheeie, 
also, observed, that water attracted oxygen, but not 
nitrogen ||. M. de Marty, however, observes, that 
nitrogen is attracted by water in limited quantity, aqd 
that it afterwards attracts oxygen, so as accurately to 
analyse atmospheric air. To saturate water complete- 
ly with air, exposure to the atmosphere seems to be 
necessary ; for M. Humboldt remarks, that water, 
which has been deprived of air, does not recover 
either the same volume of air, or the same propor- 
tions of oxygen and nitrogen under close vessels, as 
when it is exposed to the free atmosphere §. ^rom 



* Mem. d'Arcueil, t. ii. p. 379^ t Ibid, p. 3S0. 

I Phil. Trans, vol. Ixii. p. 247. 
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this superior attractive power which water possesses 
far oxygen, the air dissolved in it is found to con- 
tain always a due proportion of that gas. But the 
eirperiments of Scheele (554,) also shew, that, as the 
oxygen is thus attracted, the carbonic acid is expelled, 
ae that that gas never exceeds a certain quantity in the 
water, either of springs or of rivers. In like manner^ 
Dr Priestley observes, that hydrogen, during its solu-* 
tion in water, seems to expel nitrogen, while nitrogen 
and oxygen are capable of existing together in that 
fluid *. By this difference in attractive power which 
water possesses for the different gases, connected 
with the expulsive force which they seem ta exert 
towards each other, the noxious gases, formed in wa*» 
ter by the exercise of the animal functions, and by 
the decomposition of organic bodies, are regularly 
expelled ; and thus the air, destined to support th^ 
living functions of aquatic animals, like that of the 
atmosphere Avhich we breathe, is maintained nearly 
in an uniform state of composition and purity. 

559. The last class of inferior animals, in the ar- 
rangement which we have now followed, is denomi- 
nated Reptiles, in which are included all the animals 
that formed the Linnsean class of Amphibia. The 
experiments already given (60 et seq*), clearly prove, 
that frogs and toads, which belong to this class, en- 
tirely convert, by respiration, the oxygen gas of the 
air into nearly an equal bulk of carbonic acid, with- 
out producing any change in its nitrogenous portion. 
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Dr Carradori, also, discovered, that these animals 
lived much longer when they were immersed in wa. 
ter that had a free communication with the atmos- 
phere, than when the! air was excluded *. Accord- 
ing to Spallanzani, frogs die sooner in boiled, than in 
common water. In their respiration, they consume 
oxygen, and form carbonic acid. Those which h^n \ 
been recently fed, consume more of this gas than 
those which have suffered a long abstinence. Under 
great cold, they become lethargic, but their heart still 
continues to beat, and they still, in a smaller degree, 
continue to change the air ; but the consumption oi 
oxygen increases with an increase of temperature. 
These animals also change the air by theii^. skin, as 
well as by their lungs ; and act upon it after death, 
and under putrefaction f. - The ova of frogs w^re 
likewise found to require air to carry on their evolu- 
tion. Small tadpoles, while yet attached to the egg, 
were confined in vessels half filled with water, while 
the other half contained common air, or oxygen, or 
nitrogen gas. Those in the two former vessels were 
perfectly developed, and became large enough to 
swim about ; but those confined with nitrogai per- ^ 
ished J. 

560. Spallanzani extended his experiments to many 
other animals of this class, and obtained similair re- 
sults. Different species of serpents he found to die 
in hydrogen gas, or when confined under water, but 



* Phil. Magaz. vol. xvi. p. 24-5. 
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to live in common air^ and convert . its oxygenous 
pcurtion into carbonic acid. They became lethargic 
horn cold, and the heart then beat very slowly or 
act at ail ; the respiration was then also suspend^; 
ind little or no effect was produced in the air. The 
iktn of these animals acted upon the air as well as 
the lungs * ; and when their blood was reddened by 
exposure to the air, its oxygen also disappeared^ and 
:arbonic acid was produced t. Similar results wei:^ 
obtained in experiments on the respiration of vipers^ 
tortoises, lizards, and salamanders |. 

561. The preceding facts sufficiently shew, that 
rarious animals, in all the foregoing classes, and ia 
every stage and form of their existence, require the 
presence of oxygen gas to maintain the functions of 
li& ; that this gas, by the exercise of these functions, 
is converted into carbonic acid ; and that the degree 
in which this conversion proceeds, depends much on 
the healthy condition of the animal, and the vigour 
of its circulating system. Since, also, in every in- 
stance where the experiments have been made with 
the requisite accuracy, the bulk of carbpnic acid pro- 
duced, nearly or exactly equalled that of the oxygen 
which disappeared, we may conclude, from analogy, 
that such is universally the extent to which this change 
in the air takes place in animal respiration; and 
(ince, farther, the nitrogen gas of the air appears to 
suffer no necessary change (73.) in the exercise of 
this function, we may also conclude, that, as far as 
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regards the air, the substitution of an equal bulk 
of carbonic acid for the oxygen gas that is lost, com- 
prises the only essential change which the atmosphere 
experiences during the performance of this animal 
process. We have before maintained (74 et seq«), 
' that the oxygen of the air does not enter the animal 
system, either by the living function of absorption, or 
by the operation of chemical affinity ; and have con- 
sequently concluded, that the union of this substance 
with the animal carbon takes place exterior to the 
vessels of the living animal. 



I 
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562. VV E before pointed out (79. et 8eq.) the 
general agency of water and heat in contributing to 
produce the phenomena of living action in the supe- 
rior animals ; and from the writings of Boyle and- 
others, we adduced facts to shew the constant neces- 
fnty of fresh air to maintain the functions of life. 
This necessity Mayhow first proved to arise from the 
consumption of what he called the nitro-aSrial or 
pure part of the sur in respiration, which wholesome 
part was shewn by Dr Black to be converted into 
carbonic acid. By his discovery of oxygen gas, Dr 
Priestley was enabled to demonstrate the specific por- 
tion of the air which was thus changed * ; and M. 



* It should be mentioned, in justice to the celebrated Scheele^ 
that he, likewise, discovered oxygen gas independently of Dr 
Priestley, as, in the foljowing paragraph, the Doctor himself, with 

f 
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Lavoisier, by ascertaining the true composition of 
carbonic acid, enabled us to determine in what way 
the acid gas, obtained in respiration, might be formed. 
Such is the order in which the facts, relating to our 
knowledge of the properties and uses of the air in 
respiration, have been successively disclosed. 

563. But ^te'fartheT 'endeavoured ^to (shew, that the 
actual quantity of carbonic acid, formed in re^nra- 
rioii, corresp^Mided very rifearly (123i) with'ffcat of 
oxygen gas which had disappeared ; and thslt^ allow- 
ing for a small degree of condensation^ which ive then 
supposed to attend the conversion of these gases into 
each other, " the whole of the oxygen gas lost (123.), 
was employed to form the carbonic acid in question." 
This conclusion, we maintained, rested not, only on 



h\% usual candour, admits. <* Having made this discoTery**, says 
b«» ^ some time before I was in Paris in 1774, 1 msDiioned it at 
the table of M. Lavoisier, when most of the philosophical people 
in the city vi^ere present, saying that it was a kind of air ia 
vrhich a candle burned much better than in common air ; but I 
had not then given it any name. At this, all the company, and 
Mr and Madame Lavoisier as much as any, expressed great sur- 
prise^ I told them that I had gotten it from predpUaie per My 
and also frbm red lead. Speaking French very imperfectly, and 
)}eing little acquainted with the terms of chemistry, I said flomh 
rouge, which was not understood till M. Macquer said I must 
mean minium^ Mr Scheele's discovery was certainly independent 
of mine, though, I believe, not made quite so early*." Yet, when 
speaking of oxygep gas, M. Lavoisier observes, " This species 
of air was discovered, almost at the same time, by Dr Priestley, 
Mr Scheele and myself f." 

• Treat, on Phlogiston, p. 36. an. 1800. 
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the most correct experiments which had then been 
made, but was supported by the whole range of ana- 
logical facts, presented in the vegetation of plants, 
and in the respiration of the inferior animals } and 
it is a conclusion of such great importance, in con- 
ducting us towards a true explanation of the respira-* 
tory function, that we shall not hesitate again to re-p 
dhe, very briefly, the evidence adduced in its support, 
together with such additional facts and arguments, 
as subsequent researches have enabled us to collect 
and bring forward. 

564* Among his earliest experiments relating to 
respiration, Dr Priestley found, that if a mouse was 
confined in a jar of air, inverted in mercury, until he 
died, no diminution in the bulk of air took place, but 
the residual air lost nearly one-fifth of its bulk, when 
shaken with water * ; — ^facts which entitle us to infer, 
that no portion of the air was absolutely lost, but 
that the whole of its oxygen was changed into ap 
equal bulk of carbonic acid. Similar results, as we 
before remarked (83.), were obtained by Dr Craw- 
ford, who also observed no diminution to attend the 
respiration of air inverted over mercury, but the re-^ 
sidual air afterwards lost one-fifth of its bulk by agi- 
tation with solution of potassa. Dr Menzies, in his 
experiments on respiration, found no diminution to 
occur in the volume of air respired ; and therefore 
necessarily inferred that the bulk of acid formed was 
equal to that of oxygen gas which disappeared tf 



f Phil. Trans, an. 1772. 
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565. la the year 1 806 Mr Dalton's attention was 
directed to this subject, and he satisfied himself, by 
numerous experiments, that the bulk of carbonic 
add, formed in respiration, was exactly equal to that 
of the oxygen gas consumed. On repeating these 
experiments, Dr Thomson obtained, in some cases, 
nearly the same results ; but, upon the whole, the 
bulk of oxygen that disappeared was somewhat greitt- 
er than that of the carbonic acid formed. The dif- 
ference, however, varied considerably, and kept pace 
with the diminution in the whole bulk of air ; whence 
he considers it to arise from the abstraction of a part 
of the air by some other way than by respiration i 
and if this be allowed for, he believes ^^ the bulk of 
acid produced to be precisely equal to that of oxygen 
gas lost*'. Hence, says he, this oxygen must be 
changed into carbonic acid in the lungs ; for oxygen 
gas, when changed into carbonic acid, does not sen- 
sibly alter its bulk f. 

566. These conclusions have been since confirmed 
by some very accurate experiments of Messrs Allen 
and Pepys. They caused a person to inspire, from 
a gasometer, 3460 cubic inches of atmospheric air, 
which were afterwards expired into another gasome* 
ter ; and to both gasometers graduated scales were 
affixed, by which the quantities of air received and 
expelled could be accurately measured. The time 
occupied in the experiment was eleven minutes : 
about 5S respirations were made ; and the deficiency 
in the whole volume of air, at the close of the expe- 
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rimenty amounted oi^ to 23 cubic inches. One 
hundred parts of the respired air afforded, on analysis, 
8*5 carbonic acid, 12.5 oxygen, and 79 nitrogen gas*. 
The experiment was repeated several times ; and in 
cHie instance, 9890 cubic inches of air were breathed 
for 241- minutes, with the loss of only 18 cubic in- 
ches, and 100 parts of the expired air then afforded, 
OQr analysis, 8 carbonic acid, 1 3 oxygen, and 79 nit- 
rogen t. 

S&l. Now the air employed in these experiments 
contsuned, in 100 parts, 21 oxygen and 79 nitrogen; 
and, in the numerous analyses which were made of 
this air after its respiration^ the . portion of oxygen 
that disappeared was exactly replaced by that of car- 
bonic acid produced } so that, in every instance, these 
two gases formed together -nAs* of the respired air, 
the remaining 79 parts being pure nitrogen . gas. It 
is» therefore, concluded, /^ that the quantity of car- 
bonic acid gas emitted is exactly equal, bulk for bulk, 
to the oxygen consumed }•" 

5(58* In subsequent experiments on the respiration of 
a Guinea pig, these chemists found, that when 310 cu- 
bic inches of atmospheric air^were breathed for 25 
minutes by this animal, it& volume experienced no 
variation whatever, and the portion of its oxygen, 
which disappeared, was replaced by an equal bulk 
of carbonic add § ; wherefore, they justly conclude, 
** that \vhen atmospheric air alone is respired, even 



• Phil. Trans. 1808, p. 254. 
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by an anhflal subsisting wholly npcm veg^tabl^, M 
othei- change takesi > fhce in it thiti the isub^tud<m 
of t cefiQhk' pol'tion of earboildc acid gas for aft 
equSal V(Jui»et)l oxygen ♦•" • - 

569. It 165 1(^ conceive, impdSftible to r^s^ ^titke 
credit to the accuracy of these experimehta, or to Che 
legitimacy of the conclusions drawn from th^m, to 
far as relltes to the chemical changes actually indtt-j 
ced on the air } and these conclusions we have 6een^ 
alsOy to be supported by the experiments of nlany 
other able chemists, and by the results afforded in 
the exercise of the respiratory function in almost 
every other clasis of animals. W& grant, howevc?r, that 
other chemists, equally ablef, whose experiments 1^6 
have already detailed (1S^2^) have concluded^ that, 
because the carbonic acid obtained did Hot quite 
equal in bulk the oicygen Ibst^ a portion of this'lat* 
ter gas was absorbed in the lungs. In some late eXf 
periments on the respiration of rabbits, and of Guinea 
pigs, M. BerthoUet adopts this opinion. In the^ 
experiments, the bulk of acid gas produced did not 
quite equal that of oxygen which disappeared; so 
that the loss of oxygen appeared to vary from 1.07 to 
4.09 per cent t. These two results, therefore, differ 
more from each other, than the former does frdW 
that of Allen and Pepys j and as this difference may 
be conceived to indicate error in that experiment 
ivhich afforded the least acid, it may reasonably be in- 
ferred, that, had greater correctness been attained, no 
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lo6B vhate^er^ would have .appeared in that ^hich 
yiflblBiiill}K Jiiiosi. In: ttperiment%-. where sb.'idattjjf 
caii«»(tD9Cur:tb render the af^parent bulk of add 
less'duih .it ought tolbe^ and less than that of- tte 
oxygen > hist,! it- is surely more reasonable to grrd 
greater credit to those results which indicate an 
equality of .volume betM^een these gases, than to 
those which declare a difference ; since the former 
not . only go with' tha latter to the fullest extent, but, 
puTBumg .the same track, have actually gone beydnd 
them^Dand thereby: reached a point, which xHi 
others Jiave been. unable to gain. In fact, to pfefec 
those -iesperiments, which indicate a difference,- to 
those': which. prove an equality of volume, wouUE 
*' be not; only to halt in our progress, but to make af 
retrograde: movement, and thus to suffer a negative; 
uifer^ice to outweigh a positive proof, 

i-5T(0. Even Messrs Allen and Pepys, however,- 
whdse'ie^qperiments so clearly demonstrate the equa»' 
litjr of bulk in these two gases, in every case of natii-^ 
ral respiration, have been led, by the results of oihi^' 
e^eriments, to suppose, that, ^^ when respiration 
is stttended with distressing circumstances, thefe^' 
resison to conclude that a portion of oxygen is ab-' 
sorbed *• In the deduction of such an inference, re*- 
gard seems to have been paid to mechanical and che- 
mical considerations alone, and little or no attentioa- 
^ven to the structure and properties of the living iff* 
struments by which respiration is performed. W^ 
before endeavoured to impress the necessity of at-« 
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tending to the natural actions of the reqnntory ecu 
gansj (92. et seq.)) in the conduct of all experiment! 
made on the exercise of this function, by shewing, 
that, in all examples of natural respiration, little or 
no variation. occurred in the volume of air employ* 
ed, but that, in proportion as these organs sufiered 
distress and oppression, the greatest irregularities 
prevailed, 

^71 • These hcts are supported, in all their circmn<r 
stances, by the results obtained by MeslBrt Allea and 
Pepys. We have seen (56&), that, when a Ginnea 
pig was made to breathe a given quantity of air in a 
natural manner, no variation whatever was observed 
in its bulk i and even in man, in whom many causes, 
which do not affect the lower animals, contribute to 
produce error, it appears, that, when the respuratkm 
was nearly natural, the general average of the.defip 
ciency, in the total amount of common air. inspiral, 
was only about six parts in 1000 (566.) ; and in 
one instance, it was considerably less than two. ^ Hie 
smallness of this deficiency,^ Vsay these chemists^ ^sur^ 
prised us very much ; and, in our opinion, it prin- 
cipally arises from the difficulty, or,'* as they ebe^ 
where say, ^^ the imposibility of always bringing thr 
lungs to the same state after forcible expiration *•" 

57S< Notwithstanding the justice of this remark^ 
they seem, however, entirely to have neglected its 
import in the inference which they have drawn from 
their fourteenth and fifteenth experiments. Jnthe 
first of these experiments, 300 cubic inches of atmos* 
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pheric air were, in the space of three minutes, passed 
dght or ten times through the lungs, until respira- 
tion became extremely laborious, and the operator 
rnzs compelled to desist. On analysing the respired 
air, it was found to contain, in 100 parts, only 5^ 
oacygen, 9.5 carbonic acid, and 85 parts of nitrogen 
gas. In the fifteenth experiment, which occupied, 
also, about three minutes, until the operator became 
quite insenable, the same quantity of air was employ- 
ed, and afforded, by analy^, nearly the same results ; 
for it contained, in 100 parts, four of oxygen, ten of 
carbonic acid, and 86 of nitrogen. In the former 
experiment, we observe, therefore, an increase of six 
parts of nitrogen, and a loss of wc parts of oxygen ; 
and in the latter, the oxygen had lost 7 from 21, 
and the nitrogen had gained 7 upon 29*; and 
hence it is inferred, that *^ when,'* as in these experi* 
ments, ^^ respiration is attended with distressing cir- 
cumstances, there is reason to conclude, that a porr 
tion of oxygen is absorbed f*'' 

573. To this inference, as far as it regards what 
is here called an absorption of oxygen, we must beg 
leave to object. That the united volumes of oxygen 
and carbonic acid expired, were less than the total 
volume of oxygen inspired, we readily grant ; but 
we deny that this fact affords any adequate proof of 
an absorption of this latter gas. To the chemist, ina 
deed, the mere fact of the disappearance of a portion 
of oxygen may supply sufficient evidence of its ab- 
sorption, in the sense in which he may choose to em* 
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ploy chat term ; but the physiolo^t farther requires 
to'.know^ .by wluLt.brgans or vessels it is resKMredi 
in iwhat coursie it igfconveyedy and^what: uses it is 
destined to serrei^.Onvlione of these points, baw^ 
ever, does he gain 'any information ; and aU thd ana? 
tonucal knowledge which he possesses of the struc? 
tar€ of the Imigs, and of the pibperties of the living 
absorbent system,^; is adverse to. such^ a doctrine^ 
Should. he apply to the chemist for a solution of his 
difficuides, he is told that oxygen does not chemiqd- 
]y combine with other . bodies, unless it be brought 
into actual contact with them j^. and he knows, 
that, in the present case, this, contact is impossible^ 
because the : membranes, both . of the air-ceUs 
and ' blood'-vesselsy are interposed between the. air 
and the blood in the lungs. Even, if, contrary 
to all experience and. analogy^ .he .were to con^ 
cede to the chemist the existence of poces lOr 
other passages in the cells and blood-vessels, 
through which this oxygen might be attracted and 
combine with the blood, he is equally eiiabaifrass^d. to 
discover the reason or mode in which it is agasniso 
speedily expelled, or what useful purpose it can 
serve, since no portion of it is permanently retain- 
ed. The science of chemistry iiirnishes no example 
of similar operations, — of fluids which attract gases 
and combine them, so as to reduce their elasd-^ 
dty, and then, without any apparent change of con- 
dition or circumstances, almost instantly discharge 
them in a new and elastic form. 

574. If, farther, we compare the results of the 
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two series of experiments made by Messrs Allen 
aiod^ Pepys, the difficulties, in a physiological point of 
Tiew, greatly accumulate upon us. For, if an ab'^ 
mrption of oxygen really take plac^ in the lungsy 
how does it happen, that, in the first thirteen experi^ 
ments, made with several lOQO cubic inches of air^ 
and which occupied from ten to tweiity-four minutes 
of time, a very small loss in the whole bulk of air^ 
and not the smallest in its proportion' of oxygen, pc- 
curred ; while, in two other experiments, made with 
only 800 inches of air, and continued only for three 
minutes of time, a great deficiency in the whole bulk 
of air, and a loss of one-third of its oxygen, tc^pk 
plade. In all these experiments, except the twelfth'^ 
in which, instead of loss, there was actually an in^* 
crease of eleven cubic inches upon the bulk . of aiit 
respired *, the same person appears to have breathed^ 
and the air was of similar composition. Consequent- 
ly, the Cause of variation in the result is to be sought^ 
not in any difference in the animal organs, or in the 
original composition of the air, but, probably, in 
some circumstances of dissimilarity, which accompa^ 
nied the progress of the experiment. 

575. Now the bare statement of facts points out a 
great dissimilarity, not only in the chemical results, but 
in the circumstances accompanying the experimenter, 
and in the effects which they produced in the system^ 
For in the first thirteen experiments, which occupied 
from ten to twenty -four minutes, and in which no loss 
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of oxygen occurred^ the air was only once passed 
through the lungs, the breathing was nearly natural, 
the operator scarcely fatigued, and his pulse not 

nused more than about one beat in a minute *« 

• 

But m the two experiments, in which oxygen is nid 
to be absorbed, the same air was passed eight or ten 
times through the lungs ; and, in less than a minute^ 
the operator found himself obliged to take deq>er 
and deeper inspirations. Ac last, the efforts to take 
in air became very strong and sudden, with a great 
sense of oppression and suffocation in the chest, iOi* 
distinct vision, buz in the ears, loss of recollection, 
and, at the end of three minutes, perfect insensibi* 
lityf. This difference in the effects . produced in 
the system, we do not hesitate to ascribe to a dif- 
ference in the composition of the air (91. &2*\ 
which, in the first experiments, was respired in a na* 
tural state, but, in the two last, by repeated breath- 
ing, was rendered more and more unfit to carry on 
respiration, until, at length, its power of supporting 
that function altogether ceased. 

576. But becayse under circumstances, in which 
the mental and animal powers were in complete 
abeyance, the respiratory organs were not able to 
make so complete an expulsion of the inspired air as 
they effect in their natural state of health and vigour, 
are we, therefore, entitled at once to conclude, that all 
the air which was not expelled was really absorbed? 
Setting aside the anatomical difEculties in the case, let 
us, for a moment, look only to the chemical conse- 
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quences, to which such a conclusion would conduct us. 
If the mere disappearance of any gas^ received into 
the lungs^ be sufficient evidence of its absorption^ then 
every gas, which is not returned, must be held to be 
absorbed. Are we then prepared to admit that hy- 
drogen and nitrogen gases are absorbed by the blood i 
for, when their respiration is carried to its full extent^ 
they too equally disappear. This supposed absorp- 
tion, however, cannot proceed from the operation of 
chemical attraction, for little or no affinity (98. 104.) 
subsists between these gases and the blood. Neither 
can it arise from the operation of the living system j 
for it occurs only when the living powers are about 
to cease. To us there appears but one way of escap- 
ing from jhese manifold difficultieis, which is simply 
to conclude, that the inspired air, which is^ not return- 
ed, is retained in the cells of the lungs. Such a sup* 
position dissipates at once all anatomical and chemi- 
cal difficulties, and explains why no air disappears 
in natural respiration, when the expiratory powers 
are in full vigour and able to expel it, and why its 
disappearance increases in proportion as the actions 
of these powers decline and cease. 

577. It is, however, worthy of remark, that, in 
these last experiments, not only was there a diminution 
in the whole bulk of air, but its relative proportions 
likewise varied ; for, in 100 parts, the oxygen and 
carbonic acid amounted together only to about two- 
- thirds of the usual quantity of oxygen, and the de* 
iiciency was supplied by a superabundance of nitro- 
gen gas. We are not prepared to say why, in this 
very embarrassed state of the respmitoT^ ivxxioXoiXv 
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combustion, aad its result an oxidation of the blood. 
To establish his theory of oxidation, M. LavcHsier 
trusted not to colour alone, but actually proved the 
combination and disengagement of oxygen, as the 
metal was alternately reduced or revived. In the pro* 
cess of oxidation, he remarked that the air lost one» 
jsixth of its bulk, and contained no carbonic acid ; in 
that of respiration, the loss of bulk was only ^, and 
a quantity of carbonic acid was produced. He even 
found that caustic alkali abstracted one-sixth of its 
bulk from air that had been respired, and therefore 
concluded that such aur contained one-sixth of carbo- 
nic acid ; and after this acid gas was abstracted, the 
residue exactly resembled that left by the calcination 
of metals *• 

580. Thus, then, it appears, that although, in these 
experiments, M. Lavoisier distinctly ascertained, that, 
in oxidadon, all the oxygen combined with the me- 
tal, and no carbcmic acid was formed; and, on the con- 
trary, that, in respiradon, all the oxygen was convert- 
ed intb carbonic acid^ and none therefore could com- 
bine with the blood ; yet he, nevertheless, supposed 
this oxygen to umte with the blood, and to pro- 
duce effects in it similar to those which followed the 
actual combination of this element with metallic mat- 
ter. M. Lavoisier and his associates exclaimed loud- 
ly against their predecessors for employing phlogiston 
as a principle, which, like another Proteus, was able 
to exhibit every colour, and to assume every shape * ; 
but we may safely assert, that there is scarcely any 
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tx>lour or shape in nature, which, in their turti, these 
philosophers have not made oxygen to exhibit and 
assume; And if it was absurd in the Phlogistians to 
ascribe effects to an agent which they could not 
prove any where to exist, it is, surely, not less absurd 
in their successors to attribute similar effects to oxy- 
gen, even where it exists not. 

581. It is^ farther^ an objection to this supposed 
operation of oxygen, that, in the lungs, the blood 
and ^r do not come into contact, and, therefore, al- 
though the combination of oxygen with that fluid 
might be conceived to happen when they are placed 
together out of the body, yet the intervention of or- 
ganised membranes may be supposed to prevent 
such an union in the living system. In the ordinary 
operations of chemistry, such an interposition of ani- 
mal substance would be considered sufficient to vi- 
tiate the result of any similar experiment in which it 
was employed ; but in the application of this science 
to the living body, neither membranes nor blood- 
vessels are conceived to oppose any obstacle to the 
exertion of chemical action, or, in the smallest degree, 
to affect its result. In support of this supposed ope- 
ration of oxygen on the blood, some experiments of 
Dr Priestley have been appealed to, as affording de- 
cisive evidence that this substance has the power of 
penetrating a compact membranous body, and may, 
consequently, penetrate the cells and blood-vessels of 
the lungs. The ii^portance which has been attached 
to these experiments, in all the late hypotheses which 
have been proposed to explain the function of respi- 
ration, renders it necessary for us to ex^mvaa x\v«sv 

T 



290 

ivith some miauteness, in order to discorer the true 
relation which they bear to the present question. 

582. Dr Priestley, who, as we ^all hereaftf^ see» 
supposed that venal blood became red by imparting 
its phlogiston to the air, knew well that the bkxxl ill 
the lung3 was separated from the air by a membra- 
nous substance, which, however, according to Sr 
Hales, does not, in thickness, exceed the ttt^ part of 
an inch. To ascertain the effect of this circumstance^ 
he put some black blood into a bladder moi8|e&ed 
with a little serum, and then tying the bladder very 
close, he hung it in a free exposure to the air« The 
next day, all the lower surface of the blood, whicb 
had been separated from the air by 'the interventioDL 
of the bladder, had acquired a coating of a florid red 
colour, as thick, it appeared, as it would have acqui- 
red, if it had been immediately exposed to the opcA 
air ; so that this membrane had been no impedimeot 
to the action of the air on the blood. This experi- 
ment was repeated, without previously moistening 
the bladder, and with the very same result *« 

583. But although^ in these eaqperiments, the blood 
was rendered red by the agency of the air, yet we art 
not entitled to conclude^ that this redness was^produced 
by the combination of its oxygen, unless we can shew 
not only that this subst^ce comes into contact with the 
blood, but is likewise capable of changing it to a red 
colour. Dr Priestley himself, who believed the blood 
to become red by the loss of phlqgiston, could draw 
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no su(ih conclusion ; and it is not a little' tetnarkable 
that this philosopher, who had before so well obser- 
ved the reciprocal effects produced in the air^ when it 
thus changed the colour of the blood *, should, in 
these experiments, have entirely overlooked them* 
It is still more remarkable^ since these experiments 
have drawn so much attention, and seem now to be 
the diief or only remaining evidence urged in sup- 
port of the hypothesis of oxygenation, that some at« 
tempt has not been made to" inquire farther into the 
actual circumstances which attend them* It is this 
examination which we now propose to make, in the 
hope, that, if itf do not lead us to a knowledge of the 
true cause of this phenomenon, it may at least serve to 
shew to what it is not to be ascribed. 

584. With this view, we procured a quantity of 
black blood, and putting it into a sheep's bladder, 
suspended it from the top of a jar containing about 
100 cubic inches of atmospheric air. The jar was 
inverted in a saucer containing mercury, and within 
it a small cup of solution of potassa was likewise 
placed. The blood, in a short time, assumed a florid 
hue, and a dimness extended over the inside of the 
jar. By the next day, the mercury in the saucer 
had risen V? of an inch into the jar, and it continued 
to rise several days j so that, by the fifth day, it had 
reached nearly to an inch in height* The jar was 
then raised, and diluted add being poured upon the 
alkaline solution, disengaged from it a large quanti- 
ty of carbonic acid gas. By this ejtperiment, there^ 
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fore, we are taught, that, when black blood assumes 
a red cblour by being thus placed in a moistened blad- 
der, and exposed to atmospheric air, the air itself, at 
the same time, undergoes a change y for its volume 
is diminished, and carbonic acid is produced. 

585. To ascertain these facts with greater precision, 
we put another quantity of black blood into a small 
bladder, and suspended it, as before, from the top of 
a small jar inverted in mercixry, and which contained 
18.3 cubic inches of atmospheric air. Under tMs 
jar, also5 a small cup of solution of potassa was pla- 
ced. The blood, as before, was soon reddened, and 
the jar became dim. In two days, the mercury had 
risen nearly half an inch into the jar, and, by the 
close of the fourth day, it stood seven-eighths of an 
inch high, where it remained for some time quite 
stationary. On analysing the residual air, it was 
found to suffer no change, either from agitation with 
lime water, or by being exposed to the contact of 
phosphorus ; so that, though all the oxygen had dis- 
appeared, no carbonic acid was present, ,but that gas 
was entirely attracted by the water of po^assa em- 
ployed. \ 
- 586. The capacity df the jar, in the above experi- 
ment, has been stated to be equal to 18.3 ciJubic 
inches ; and the bladder, with its contents, togetlJcr 
with the cup and solution, we found to occupy a 
space equal to 5.2, which reduces the actual bulk oi 
air, employed in the experiment, to 13.1 cubic in- 
ches. The mercury which, ih consequence of th( 
attraction of the carbonic acid, had risen seven-eighthi 
of an inch iato the jar, 0QpnT«*-*^ a space equal t< 
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liiree cubic inches ; so that, of the 13.1 inches of air 
originally employed, three had disappeared, and t^.t 

=5t-tt or a portion of the air was thus converted 
into carbonic acid, which comes very near to the 
proportion of oxygen gas which the atmosphere is 
known to contain. Hence we infer, that, in this 
experiment, all the oxygen gas that disappeared was 
converted into carbonic acid j and, consequently, we 
deny that any oxygen penetrated the bladder, in or- 
der to combine with the blood, 

587. As thus it is denied that the blood, in these 
experiments, received any ponderable matter from 
the air, so likewise it will appear, from the factis 
which follow, that the air receives/^no such matter 
from the blood. We filled bladders with water, and 
suspended them in jars of atmospheric air, in the 
manner described above ; and found that the oxy- 
gen gas of this air was converted into carbonic 
acid, in the same manner as when the bladders were 
filled with blood ; and if the experiment was conti- 
nued a sufficient length of time, the whole of the 
oxygen gas was, in like msmner, made to disappear. 
The same effects followed from the introduction of 
moistened empty bladders j and, indeed, it is the usual 
e§ect produced in the air by every moistened ani- 
mal substance. If, therefore, the moistened bladder 
be thus capable, by itself, of acting on the air, we 
are entitled to conclude that it exerts the same ac- 
tion -when it is filled with blood ; and as, on this 
supposition, the oxygen gas will unite with the car- 
bon, furnished directly by the bladder, we have no 

C/ground whatever to suppose this carbon to come from 
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the blood. Hence, ther^oret when black blood is 
risddened by the air, thiroqgh die coats of a moistened 
bladder, the air yields no oxygen to the blood, aiNr 
acquires from it any carbon ; but the carbon of the 
bladder, by its combination with the oi^ygen of the 
air, passes into the state of carbonic acid gas, ^ 

5S8. £venfX)r Priestley, who neglected to observe 
die effects produced in atmospheric air, by the con-> 
tact of bladders, was well aware of the acdon they 
exerted on nitrous gas, which we now Imow to be 
composed of the same elements as common air. He 
observed an incrustation of lime to appear, when 
nitrous gaSt which had beei^ previously kept in a 
bladder, was mixed with lime water ; or, when this 
gas was transferred from one* vessel to another 
through a gladder, it produced a similar effect. To 
prove that this effect arose from the bladder, he put 
^ bladder into a jar of nitrous gas, and, after it had 
continued ther6 twenty-four hours, he transferred 
the gas into ^ glass-vessel of lime.>water, which it 
rendered turbid *. In other experiments, when ni- 
trous jgas was left in moistened bladders, it complete^ 
ly lost its property of diminishing common air ; but 
if the bladder was kept quite dry, the gas then under- 
went little or no change f. He even found that nitroiiE; 
gas was, in like manner, deprived of its oxygen, by 
being placed in contact with Wood, by which it was 
l^endered unfit for eudiometrical purposes +. 

589. The remarksj, which have now been made 
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on th^ mod^ in wUch mobtened bl^4^9 act upon 
the air, may be extended to the action of all other ani- 
mal mem^branes. In an experimont made by Mr Hiw^ 
teTt black blood was reddened by the air, when qor 
vered by goldbeater's leaf, which touched its sur- 
face *. But this leaf is an animal substance, and 
when, therefore, it was moistened.by coming into con- 
tact with the blood, it acted on the air, like the blad- 
der mendoned above, and to this action the red co- 
lour of that fluid succeeded* Pr Goodwypi, aJisp, 
laid bare the jugular veins of rabbits, and, having in- 
tercepted the blood by ligatures, directed upon the 
coats of the veins a stream of oxygea gas, Thp 
blood, in some instances, became a little ftorid ; but, 
in other cases, no change of colour ensued, although 
the stream of oxygen was kept up for two minutes. 
As, however, the change occurred in some instances, 
samethingj says Dr Gqodwyn, must have pervaded 
the vessels, and this, probably, by the force of che* 
miqal attraction ; but what that is, he adds, is not 
ypt known, whether it be some principle escaping 
from the blood to form fixed air, or whether it be a 
part of the oxygen itself that enters into the blood. 
It is certain, however, that the change of colour 
which the blood undergoes, is occasioned by the che- 
mical action of the air f. 

590. In these ex^riments of Dr Goodwyn, there 
can be little dou^t but that the oxygen gas of the 
^ wa$ more or less changed into carbonic acid; 
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and the variation in appearance, which the blood ex* 
j.^ hibited, would correspond with the degree in which 
that change took place. An exhalation of fluid is 
constantly g[oing on from all the moistened surfaces 
of the body, and may easily be conceived to have is- 
sued in a greater or less degree, from the recently 
exposed veins of the rabbits. According, therefore, 
to the activity with which this process proceeded, the 
colour of the' blood would be more or less rapidly 
changed. In the same manner, Dr Barclay observes, 
that the blood in the lungs, when exposed to the air 
through the medium of its vessels., is always obser- 
ved to change its colour a great deal faster, when the 
exhalents continue to act with a vital energy, than 
when they act slowly and feebly, as inanimate or- 
gans • ; and we have elsewhere remarked (143.), 
that, when the exhalent function has entirely ctfased, 
no change is induced on the air, and no apparent 
change seems then to be effected in the blood. 

591. It is not, however, necessary that the car- 
bonic matter, which combines with oxygen, should 
be afforded by a living action, else carbonic add 
could not be formed by dead moistened bladders^ 
nor by the blood after its removal from the body. 
In substances deprived of life, therefore, the carbon 
may rather be said to escape by evaporation, than by 
exhalation, which, physiologically speaking, is a liv- 
ing action ; but in whichever way this matter come 
into contact with oxygen gas, carbonic acid is fonn- 
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ed, and the. consequent effects on the blood, whether 
it be present in the body, or be wi^'drawn from it, 
will take place. In every case, fioVever, a due de- 
gwee of moisture and heat must befpi^fceent to favour 
this chemical union ; hence dry Ijhdders produce 
no change in the air, and it remaSi&ir equally un- 
changed by moistened bladders, if thi necessary de^ 
gree of heat be withdrawn. 

592. That this change in the colour of blood is 
always accompanied by a corresponding change in 
the air, may be farther ' inferred from other experi- 
ments of Dr Priestley. He found, that, when the black 
crassamentum of blood was covered by serum or 
milk, it nevertheless acquired a florid hue, on being 
exposed to the air * ; and Dr Wells observed, that 
a covering of albumen, also, did not prevent the ac» 
tion of the air on the blood f. Now we have already 
seen, that serum (97.) and albumen (153.) convert the 
oxygen gas of the air into carbonic acid ; and we fomid 
by experiment, that the same eflfect was produced 
by milk, as probably would be the case with most of 
the animal fluids. Hence, it is evident, that, when 
the blood, in the experiments ^of Dr Priestley, be- 
came florid, through several inches of serum, the 
oxygen gas must have been at once changed by it 
into carbonic acid, and could never therefore, in the 
form of oxygen, be conveyed through this fluid to 
act on the blood. 

598. On the other hand, Dr Priestley found a thin 
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ftratum of water to prevent entirely this actbn of lir 
on the blood *• M. Cigna found the same thing tt 
lake place, when a pellicle q^ oil was interposed f ; 
and Dr Wells ascribes a similar effect to a soludon 
of gom arable. These substances, .however, act lit^ 
tie, if at all, in changing the air ; and no change ei 
colour, therefore, takes place in the blood. That 
black blood should have the power of attracting the 
oxygen of the air, through several inches of serum, 
and yet lose this power when a thin stratum of water 
is interposed, seems somewhat surprising, if the in- 
tervening fluid be, in each case, con^dered to be 
equally passive ; but proceeding on the fact, that the 
serum exerts an action on the air, which the water 
is incapable of eflfecting, a new circumstance comes 
into view, and upon it the colouration of the blood 
inay probably depend. 

594. If, then, it appear, that the interposition of 
substances between the blood and the air necessarily 
prevents that contact which is essential to the che- 
mical union of oxygen with that fluid ; if it also ap« 
pear, that the colour of the blood is never, in such 
cases, changed, unless such substances be iaterposeds 
as are themselves capable of acting on the air ; and 
if, lastly, it be proved, that when the blood exhibits 
this. change of colour, the sur also suffers change, 
and that^ its oxygen, instead of combining with the 
blood, is really contained in the carbonic acid that is 
]|^rmed, we must conclude, that, whatever be die 



* Obs. oh Air, abridged, vol. iii* p. 370. 
t Ibid, 



299 

mode in which the air contributes to change die 
odbur of the blood, it cannot be by imparting to it 
any portion of its ponderable matter. Consequently, 
ikhough these facts prove that oxygen gas possesses 
the power of changing the colour of the blood, as well 
^through dead, as through living, ahimal membraneSj^ 
yet they afford no evidence of the combination of 
oxygen with that fluid, but shew only the conversion 
of that gas into carbonic acid, precisely in the same 
manner as this acid gas is formed when the blood is 
reddened in the ordinary process of respiration. 

595. Even wh^ the air and blood are brought into 
contact, they only exert a reciprocal action on each 
otho*, by which carbonic acid is formed, but no oxy« 
gen appears to combine with the blood. We have 
already given various proofs (97.)9 that, when the 
Uood is changed in colour by the agency of the air, 
the oxygen gas of the air disappears, and carbonic 
acid is produced. These facts are confirmed by the 
experiments of M. BerthoUet, who confined recent 
blood in a vessd of common air, and, at the end of 
twenty-four hours, the air, on analjr^s, afforded nearly 
Tfvv of carbonic add. In two other experioMsnts, ri- 
inilar results were afforded ; and in all these experi* 
Hients, the acid gas produced was exactly equal ta the 
Tolume of oxygen that disappeared *. Unless, th^e- 
fore, it be maintained, that the same oxygen can, at 
the same time, exist in two combinations, we must 
suppose, that, in these experiments, no oxygen comt 
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bines with the blood; and from whatever cause, 
therefore, the red colour of the blood may proceed, 
we may safely conclude, that it cannot arise from 
the comUnation of oxygen. It forms no part of 
our present intention to inquire farther into the cause 
of this redness of the blood ; it is sufficient, for our. 
present purpose, to have shewn that it cannot pro- 
ceed from its oxygenation* 



596. In our former work, wetmaintained (129.), 
not only that no oxygen entered the blood, but that 
the same circumstance might be affirmed of the ni- 
trogenous portion of the air. This we stated to have 
been uniformly the opinion of M. Lavoisier, wh9^ we 
^e told, ascertained, by rigorous experiments, that 
neither an increase nor diminution of nitrogen occur- 
red in respiration *. Such too was the conclusion of 
Goodwyn and Menzies ; and it is borne out by the 
results afforded in the respiration of all the lower 
animals. In his late experiments, Dr Thomson ob- 
served a deficiency in the quantity of nitrogen ; but it 
was very inconstant, and sometimes scarcely percep- 
tible ; and he therefore deems it rather an acciden- 
tal, than necessary, condition of respiration f. In 
the experiments of Messrs Allen and Pepys on die 
respiration of a Guinea pig (568.), no change what- 
ever occurred, either in the quantity, or the quality of 
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the nitrogen gas ; and in their experiments on humaii 
respiration (571.)> ^^^ deficiency in bulk was so ex- 
tremely small as to preclude all idea thsA: nitrogen is 
necessarily retained in the system. Notwithstanding^ 
also, this small deficiency in the whole bulk of air, yet 
its constituent parts, (estimating the carbonic add as 
oxygen) maintained their usual proportions, the nitro* 
gen gas amounting always to .^, which could hard- 
ly have happened, if any portion of that gas had 
been abstracted from the general mass, and retained 
permanently in the system. In the late experiments^ 
also, of M. BerthoUet, no deficiency, but rather au 
6BEcess of nitrogen appeared in the air expelled from 
the lungs ^. Lastly, nitrogen gas is not absolutely 
necessary to the exercise of this function ; for we 
have seen (127.) that animals live very well in pure 
oxygen ; and both M. Lavoisier, and Messrs Allen 
and Pepys, found, that hydrogen gas might, also, be 
made to supply its place. These facts, therefore, 
entitle us to repeat, that nitrogen gas exerts no direct 
agency, nor suffers any apparent chatige, during the 
exercise of the respiratory function. 

597. We, ht)wever, before remarked (107.), that 
Drs Priestley and Henderson, Mr Davy and others, 
from finding a smaller volume of nitrogen to be, in 
some cases, expelled, than had been previously taken 
. into the lungs, concluded that a portion of this gad 
was absorbed in respiration. This opinion we con- 
testedy both on anatomical and chemical grounds, 
and endeavoured tp shew (i)2.)y that the error arose 
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from the embarrassment into which the respiratory 
organs were brought by the i^espiration of an iropare 
air^ which tendered them incapable of effecting so 
completely, as usual, the expulsion of the air they re*-^ 
ceived, and consequently led to its more abundant re- 
tention in the lungs. 

598. As it was then our fortune to contend a* 
gainst what was called an absorption of nitrogen by 
the blood, so now we have to combat what has been 
named an evolution of this gas from that fluid. In 
most of the experiments related by Messrs Allen 
and Pepys, when the same person was employed to 
breathe, only a small deficiency occurred in tfab 
whcde bulk of air ; but, in one experiment, in whidi 
a different person operated, there was an increase of 
eleven cubic inches upon the whole bulk of air em- 
ployed. As, howeven this air contained the lisoal 
proportions of oxygen and nitrogen, no particular 
effect could have been exerted upon either cS itS' 
constituent parts ; and the ^^ excess, therefore, of II 
cubic inches,^' to use the expression of these able dkt^ 
mists, ^^ na doubt arose from the person not having 
been in the habit of exhausting hisj*^ lungs, so that 
they contained .more when he began, than when he 
left off V* 

^99. But in some experiments on the respiration 
of oxygen gas, which contained only %5 per cent 
nitrogen, Messrs Allen and Pepys were enabled to 
obtain nearly all the residual ga^ from the lungs, by 



•a- 



Phil. Trans. 1808, p. 25ff. 



SOS 

iuniisbing oxygen gas to supply its place. After ha- 
vmg made a forced expiration, the operator began to 
respire oxygen, until nearly all the air, previously 
esdsting in the lungs, was expelled. This air, partly 
by experiment, and partly by calculation, was founds 
at temperature SS''^ to amount to 141 cubic inches, 
which consisted of 22.S6 oxygen and carbonic acid^ 
and 1 18.54 nitrogen. Hence, it is inferred, that, af* 
ter a forced expiration, the lungs of this person must 
have contained 141 cubic inches of air, which, at 
temperature 97"", would be increased in bulk to 154 
cubic inches *. In another experiment of the same 
kind, the volume of air in the lungs is estimated at 
'226 cubic inches, of which the oxygen and carbonic 
acid formed together about one-lfifth f. 

600. The large portion of nitrogen gas, which thus 
appeared to exist in the lungs after the most forcible 
attempt at expiration, induced these chemists to re* 
peat their experiments on the respiration of oxygen 
gas* The expmment was made with 2663 cubic 
inches of oxygen, which contained four per cent. ni» 
trogen* The gas was breathed for 1 S minutes, and 
was afterwards analysed. The total aitrogai in the 
gas inspired was 106.72; in that expired, 211.80*} 
so that 105.O8 cubic inches of nitrogen had been ob<* 
tsoned from the residual air of the lungs. ^ The 
question, therefore, is, whether this increase of nitro* 
gen csm be owing to the residual gas contained in die 
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lUngs 2lt the beginning of the experiment, or wheth^ 
a portion of oxygen is not actually exchanged for 
nitrogen, when pure oxygen is respired */' 

601. The determination of this question^ it is just^ 
ly observed, will be much influenced by the actual 
capacity of the chest, and the (Quantity of air which 
it is able to contain. We have already given various 
estimates of this kind, from which we inferred (89. )> 
that, after a natural expiration, or the final expiration 
that is made at death, the lungs contain from 109 to 
118 cubic inches of air ; that, after a forced expira- 
tion of air during life, or after that state which suc- 
ceeds to drowning, the quantity of air is much small- 
er ; while, in violent death from hanging, it some' 
times amounts (90.) to 250 or 270 cubic inches* 
From a particular method, employed by Messrs Al- 
len and Pepys, they make the volume of air in the 
lungs, after complete expiration at death, to occupy 
about 108 cubic inches ; but the mean of their ex- 
periments, on the respiration of oxygen, would make 
it equal to 1 83 : we are, therefore, say they, *^ al- 
most compelled to allow, that, when pure oxygen is 
respired, a portion of nitrogen is given oflF by the 
blood t." 

6Q2. In subsequent experiments of a sidlilar nature 
on a Guinea pig, that animal was made to breathe, 
for one hour and twelve minutes, without apparent 
inconvenience, 1060 cubic inches of oxygen gas. 
The gas, before respiration, contained 97.40 inches 
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taittogen ; and, after the experiment, it contained 
147.52 ; so that 50.12 cubic inches of nitrogen had 
been obtained from the animal. This increase of 
nitrogen, it is added, was milch nfbre than equal to 
the cubic contents of the animal's body *. In ano- 
tiier experiment, the excess of nitrogen was 34.20 ; 
and in a third, made with a mixture of oxygen and 
hydrogen gases, the nitrogen obtained from the lungs 
of a Guinea pig amounted to 57.40 cubic inches f. 
These experiments seem clearly to shew, that, undeir 
certain circumstances^ a volume of nitrogen gas is 
obtained from the lungs, greater than the actual ca- 
pacity of those organs, and greater, consequently, 
than, in conformity with the mechaiiical properties of 
elastic fluids^ they can be considered able to contaia. 
603. Is then this excess of nitrogen, as these che^- 
mists suppose, really given off" from the blood ? This 
question necessarily involves the previous considera- 
tions,^--Does this gas, at any time, exist in that fluid, 
and from what sources can it be derived ? Now we 
have no evidence that nitrogen gas is contained ih 
the blood, but the base of that gas is knowh to ex- 
ist in it ; and, by chemical agents, whidh effect the 
* entire decomposition of the blood, it may be obtained 
fh>m it in a gaseous form. It can hardly, however, 
be contended, that, because the blood affords nitro- 
gen gas under decomposition, it yields it spontanieous- 
ly in the healthy living system, where no such de- 
composition takes place ; though this, indeed^ is the 
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sort of analogical evidence, on which the greater part 
of our chemical physiology has been made to rest. 
Until, however, some direct . evidence be adduced, 
that healthy blood undergoes, sucli changes a$ will 
enable it to yield its nitrogen in a gaseous fo^fm^ we 
may venture to deny, that the nitrogen gas, afibvded 
in these experiments, was derived immediately from 
any natural changes occurring in that fluid. 

604. Rejecting, therefor^^ the supposition;, that the 
large quantity of nitrogen gas, c^tained in these Ex- 
periments, is derived from any spontaneous chaDge$ 
or decompositions going on in the blood itself, we 
are necessarily compelled to consider it. as afibrded 
by the residual air contained in the lungs* In. sup- 
port of this opinion, it may be stated^ that the pro- 
duction of nitrogen is always greatest in the first ex- 
piration, and that its quantity progressively diminish- 
es, until, towards the close of the experiment, it is 
reduced almost to nothing * ;•— circumstances vliich 
seem plainly to shew that nitrogen is no longer ob- 
tained, when all the residual air, previously existing 
in the lungs, is removed. If this nitrogen were fur- 
nished by the blood, independently of the residual 
air, no reason occurs why it should thus diiyijiwJi 
and cease to appear, as this air is abstracted ; for the 
function of respiration goes on, and the blood, as 
far as depends on itself, cannot be considered less 
fit to supply nitrogen. The fact^ also, that no such 
excess of nitrogen is furnished in natural respiration, 
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kailitates against the notion oi its proceeding directly 
from the blbod. 

. 60S. Assuming, then, that the nitrogen in ques* 
tion is primarily derived from the air contained in 
the lungs, can we suppose this gas first to enter the 
blood, and to be subsequently expelled from it ? for 
«ich operations must take place if nitrogen be really 
given oflF from the blood. Now air can be conceived 
to enter the blood only by the force of mechanical 
pressure, by absorption, or by the exertion of che* 
mical affinity. If it entered by the first mode, the 
structure of the cells and vessels would, probably, be 
irrecoverably injured, and the presence of the air in 
the vessels would speedily destroy (iOS.) life ; if by 
the second mode, the air gained admission, it would- 
be carried, by the absorbents, into the venal circula- 
tion (95. )> which few will suppotife to happen ; and, 
lastly, it cannot be considered to enter by the exer- 
tion of chemical attraction^ not only because the cells 
^d vessels are interposed between the blood and air, 
but because no affinity subsists (1 10.) between nitro- 
gen gas and blood. Denying, therefore, the possibi- 
lity of nitrogen gaining admission into the blood ves- 
sels by any mode that has been hitherto suggested, 
and knowing no way in which this gas can be sup- 
plied by that fluid, without supposing it previously to 
e^ter into it, we are necessarily obliged to deny also 
the evolution of nitrogen from the blood. 

606<, We think, too, that the circumstances re- 
quited to accomplish i^is supposed evolution of ni« 
trogen, oppose the belief that it ever takes place ; for 
it not only does not occur in the ordinary e«x^>^^^ 
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this function, but no excess of nitrogen is ever af- 
forded in other cases, unless its place be' supplied by 
an equal or superior bulk of s^x^e other gas. Thus, 
when nearly pure oxygen was breathed^ a bulk of 
that gas disappeared, equal to that of 'the nitrogen 
obtained ; and when a mixture of oxygen and hy- 
drogen gases, in the proportion of -nny of the former to 
•i^ of the latter, was respired*, then, also, a billk rf 
hydrogen disappeared, eqftial; to that of the nitrogen 
obtained ; so that when nearly pure oxygen gas h 
respired, say Messrs AHen and Pepys, a portion of 
it is missing at the end of the experiment, and its 
place 18 supplied by a corresponding quantity of ni« 
trogen ; and the same thing, they add, takes place 
when an animal is mfade to breathe a mixture of hy- 
drogen and oxygen gases *. 

607* These facts appear to afford evidence,: (hat, 
in this supposed evolution of nitrogen from the blood, 
nothing more than a mechanical substittition of one 
gas for another takes place ; and as in these experi- 
ments oxygen atid hydrogen caused the expulsion of 
nitrogen by occupying its place, so we have no doubt 
but that, when atmospheric air was again lH*eathed, 
these gases were in turn expelled, and the lungs re- 
covered their former proportion of nitrogen gas. 
This must, we think, of necessity happen ; for we have 
seen that oxygen suffers no loss of bulk in the hmgs 
(5670} ^^^ is ^^^y changed into cafrbonic acid ; and 
Mr Davy long, since proved (104.), that hydrogen 
gas^ in its respiration, undergoes no apparent altera- 
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:don. Hence, then, we conclude, that the nitrogen 
gas, obtained in these experiments, is derived from 
the residual air existing in the cells of the lungs, and 
that its displacement is occasioned by the mechanical 
substitution of another gas. 

^bs. Abiding, housever, by this conclusion, and 
yielding, as we are disposed to do, assent to the ac- 
curacy of the results which these experiments indi- 
cate, we lay ourselves open to difficulties of another 
kind ; for on comparing the state and capacity of the 
lungs, both in man and in the Guinea pig, with the 
actual volume of air which they respectively afford, 
how, it may be asked, are we able to account for the 
retention of a quantity of air in the lungs, apparently 
superior in volume to the capacity of the containing 
organs ? Even at the ordinary state of temperature 
aiKi density in which the air enters the lungs, this 
difficulty presents itself; and exposed, as this air af- 
terwards is, to so great an increase of temperature, 
its volume, in conformity with the mechanical con- 
stitution of gaseous bodies, will be proportionally 
augmented. To us there occurs no other mode of 
relieving ourselves from this difficulty than by sup- 
posing that the air, instead of expansion, really suffers 
a reduction of its elasticity, in the lungs. 

609. We have seen (114.)> that the air, on enter- 
ing die lungs, is diffused through an infinite number 
of small cells, whose diameters do not exceed the r^ 
part of an inch ; and if these cells, as some have sup- 
posed, possess a contractile power, either derived 
from their own structure, or from the action of the 
thick vascular plexus that is distributed upon them.^ 
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they may, although individually their action be samBf 
poduce nevertheless, by their combined (^ratioii» 
an effect of considerable magnitude and power. We 
confers, however, that another circumstance, arking 
out of this peculiar structure, offers, in our oimuoOy a 
better explanation of this supposed fact. It is \feH 
known, that a strong attraction or adhesion is ez* 
erted between air and the surfaces of all bodies, so 
that from many bodies it is detached with considera- 
ble difficulty. The more, therefore, that we incre^ise 
the extent of surface between the air and the bodies 
with which it is brought into contact, the more do 
we augment the effect of this attractive force. Now 
the surface of the cells of the human lungs, inde^ 
pendently of that of the bronchi, is estimated by Dr 
Keill at 21907 square inches (114«), which is ten 
times greater than that of the whole body. If, there- 
fore, we call to mind, that no part of the air in Uiese 
cells can be at a greater distance from their surface 
than half their diameter, ox the t^ part of ail inch, 
and consider, also, the great extent over which this 
attraction operates, we offer no apparent violence to 
probability in believing that such a force, acting to 
such ah extent, may constrain the elasticity of the air, 
and considerably reduce its volume. 

610. That moistened animal substances exert a 
strong attraction towards gaseous fluids, may be in- 
ferred from certain facts which occur in the re- 
^pii-atiott of fishes. There cai;i be little doubt, 
biit that the oxygen gas, which is converted into 
carbonic acid by the gills and s|uns of these ^ni- 
mals (550.), is alltactedby the anunal substan<;e, and 
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brought into such state of contact, as to favour its 
union with the animal carbon. When, also, water 
is exposed to heat, its elastic fluids are in great part 
expelled, but the last portions of oxygen adhere 
with so much force, that they cannot be separated 
even by long continued ebullition ; yet M. M. Hum- 
boldt and Proven9al found, tha(, in such water, fishes 
were able to respire, and to convert its remaining 
oxygen into carbonic gas, although the oxygen 
did not exceed TrsVy of the volume of water employ- 
ed *. While this fact, therefore, points out the ad- 
mirable provision that is made, to secure to fishes, 
even under the most unfavourable circumstances, the 
due exercise of this necessary function, it indicates, 
at the same time, the existence of a strong attractive 
force between the animal substance and oxygen gas» 
So, likewise, in many experiments made by Spallan- 
zant, the volumes both of oxygen and nitrogen gases, 
placed in contact with animal substances, were, for a 
rime, considerably diminished ; which must have been 
accomplished by some property in the animal sub- 
stance, independent of its living power. In the same 
manner, we have seen, that the cellular and fleshy leaves 
of certain plants are able to receive and contain a vo- 
lume of air superior to their awn bulk (342.) j but, 
perhaps, the chemical affinity, exerted between this air, 
after its conversion into carbonic acid, and the saline 

• 

ingredients of the plant, may be deemed sufficient to 
account for the phenomenon. In the experiments, 
however, of Mr Acton (217.)> dead vegetable matter 
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was found to reduce the yolumc of oxygen gas> af 
"well as living matter, in which case no saline sub- 
stances could have been materially concerned. 

.611. In the example of charcoal, also, we possess 
facts which bear a near analogy to the circumstances 
under consideration. Scheele, Priestley, and Fon- 
tana remarked, that charcoal, after having been heat- 
ed, possessed the singular property of attracting and 
condensing air ; and that neither the air nor the 
charcoal suffered, in consequence, any change in 
th' ir chemical properties. These experiments were 
repeated by Morozzo, who heated pieces of charcoal 
of a determinate size, and then passed them, in an 
ignited state, into tubes of mercury, where they re- 
mained till they .became cold. Different gases were 
then passed up into the tubes, and were .attracted and 
condensed in very diffefent proportions. Atmosphe- 
ric air was condensed in a proportion three times 
greater than the bulk of charcoal employed j hydro- 
gen and oxygen in a bulk nearly double that of the 
charcoal ; and carbonic and muriatic acid gases, am- 
monia, and sulphuretted hydrogen, in a bulk about 
eleven times as great. These experiments were re- 
peated by Rouppe and Van Noorden, who employed 
an apparatus, in which the ignited charcoal was aU 
lowed to cool, without being plunged in mercury, 
or . exposed to the contact of air. Atmospheric air 
and oxygen were then condensed by it in a volume 
about three times greater than the piece of charcoal 
employed ; nitrjogen and hydrogen gases in a some^ 
what smaller proportion j nitric oxide gas in a bulk 
more than eight times as gre^t ; and carbonic acid 



fga& in a volume nearly fourteen times greater than 
that of the charcoal. Morozzo again resumed his 
experiments, \vith the precautions employed by 
Rouppe, and, upon the whole, obtained results 
nearly similar to those of his former trials. During 
this remarkable attraction and condensation, the 
elastic fluids appear to suffer no change in their pro- 
perties, but are again expelled unaltered by low de- 
grees of heat ; neither does the charcoal itself suffer 
any change, except from a small increase of weight. 
This attraction of gases by charcoal, says Mr Mur- 
ray, can scarcely be denominated chemical affinity, 
but the union between the gas and charcoal must be 
regarded as rather of a mechanical nature. Gases, 
indeed, are thus condensed, to which, under any 
known circumstances, charcoal does not exert any 
chemical attraction; and they are all reproduced 
pure by a slight elevation of temperature *. 

612. The foregoing experiments, thus repeated 
and varied by so many different philosophers, and 
which, as to their general results, are not easily ex- 
posed to deception, are nevertheless pronounced 
** vague and contradictory'' by Mr Dalton, who seems 
inclined entirely to discredit them, and that too upon 
the faith of the following experiment. He made 
1500 grains of charcoal red hot, then pulverized it, 
and put it into a florence fia^k, with a stop-cock ; 
to this flask, a bladder, filled with carbonic acid, wa^ 
connected, and the gas was then admitted into the 
flask, which became a little heavier. During the e:jq- 
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perhnent} the carbonic gas entirely disappeared, bot 
what became of it Mr Dalton does not state; he 
denies, however, its attraction by the charcoal, and 
asserts that the increase of weight, which that sub* 
stance received, proceeded entirely from the moisture 
of the bladder. He considers the attraction of mois* 
fure to be the only cause of the increase of weight, 
which newly-made charcoal receives ; and to the de- 
composition of this moisture, and the union of its 
^elements with charcoal, he ascribes the abundance of 
gases obtained from charcoal at a red heat. Mr 
Dalton adds, that the expulsion of gases from, char- 
coal by the heat of boiling water, as alleged in these 
experiments, is certainly not true, as Allen and 
Pepys h^ve shewn; and most practical chemists 
know, says he, that no air is to be obtained from 
moist charcoal below a red heat *• 

618. Notwithstanding the confidence with which 
Mr Dalton delivers himself on this subject, we shall 
proceed to point out a few circumstances in his experi** 
ment, which prevent our acquiescence in his con- 
clusions. As he seems to have relied chiefly on the 
circumstShce of weighty for determining the alleged 
attraction of these gases, it might have been expect- 
ed, that, like his predecessors, he would have em*' 
ployed an apparatus which could not have commu- 
nicated moisture to the charcoal, instead of the blad- 
der which he actually used, and which, he says, did 
communicate moisture. But the circumstance of 
increased weight -does not afford such satisfactory 
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evidence of this alleged fact, as an observation of the 
vtdume of gas, to which the former chemists entire- 
ly trusted, but which Mr Dalton seems to have 
wholly neglected. A still greater objection to Mr 
Dalton'sr experiment arises from the pulverized 
state in which the charcoal was employed, by which 
its porosity, the very circumstance essential to the 
success of the experiment, was destroyed ;-^a circum- 
stance, however, which he has entirely overlooked. 
Neither will his method of accounting for the gases 
afforded by charcoal, suffice for the present occasion; 
since water and' charcoal could only furnish gases 
composed of oxygen, hydrogen, and carbon, but 
could never explain the production of muriatic and 
many other gases^ which his predecessors obtained. 
Lasdy, in asserting that, in these experiments, gases 
cannot be expelled at a low temperature, because in 
the experiments of Allen and Pepys they were af- 
forded only at a red heat, Mr Dalton, as we sup<* 
{>08e, has confounded together things which, iq 
themselves, are perfectly distinct ; for we know no 
instance in which those chemists have attempted to 
expel from charcoal the various gases with which 
it had been artificially impregnated ; and yielding, 
therefore, entire credit to their results obtained from 
charcoal under ordinary circumstances, no infe- 
rence can thence be drawn agaiiist the results of 
other experiments, in which the circumstances are 
totally dissimilar. For these reasons, we do not con- 
sider the experiment of Mr Dalton as, in the smalls 
est degree, invalidating those before related ; and if 
\ • it be considered to prove any thing, it can oul^ ^tox^ 
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that this attraction and condensation of gases is not 
effected by pulverized charcoal, just as M« de Saus^ 
sure found the attractive power of leaves to be de** 
stroyed (342.) wheii they were beaten to a pulp. 

614. If, then, it appear, from the foregoing facts, 
that air adheres to the surfaces of all bodies : that ani- 
mal substances possess "a strong attraction for gaseous 
fluids ; and that the air, received into the lungs, is 
spread over a surface ten times greater than that erf 
the whole body ; may we not reasonably presume, 
that such an attractive force, operating to so great 
an extent, may constrain the elastidty of the inspired 
air, and, like the porous structure of charcoal, con- 
siderably reduce its volume ? If such or any simi- 
lar cause be allowed to act, it would follow, that, sd« 
though the lungs do not contain a greater bu& of 
air than has been commonly supposed, yet that, in 
fact, they contain a greater weight of that elastic 
fluid ; and hence, when any portion of this air is 
expelled, it will occupy a greater space than before, 
by escaping from the constraint to which it was pre« 
viously subjected. This attractive force between the 
air and the animal substance, may, also, be exerted 
by different gases ; and hence, as in the foregoing 
experiments of Allen and Pepys, oxygen, nitrogen, 
and hydrogen gases may be successively attracted 
and retained in nearly equal proportions, and thereby, 
in turn, produce each other's expulsion. 

615. This supposed reduction of the elasticity of 
the air in the lungs does not stand in opposition 
either to anatomical or chemicat principles } for it is 
£on^dered to xaX^>.i^iace Qul9[ ^ the surface of the 
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bronchial celh, and no air is Supposed either to eri^* 
ter their absorbent vessels, or to penetrjtte their sub* 
staiice. It may not be easy to assign the immediate 
cause of such a phenomenon, but some facts rend^l* 
it probable that it may be connected with the elec*- 
trical states of the atmosphere, and of the anima:l 
sttbstailce. The air of the atmosphere is known t6 
be always more or less charged with electric matter ; 
and in the experiments of Mr Wilson, a few blasts 
of air from a common bellows, especially when the 
pipe of the bellows was previously heated, were 
found sufficient to render the tourmalin, glass, and 
aTnbet* positively electrified K But during respira- 
tion, the air undefgoes a change in its electrical 
state ; for Mr Read found, that the air, depraved by 
respiration, always indicated a negative state of elec- 
tricity, while the surrounding atmosphere was in a 
positive state t. It is, therefore, conceivable, that, 
iii the act of drawing off its electric matter, a recipro- 
cal attraction may be exerted between the animal 
substance and the air, by which the elasticity of the 
latter may, for a time, be diminished ; and this cause, 
operating over so great an extent of surface in the 
lungs, may possibly contribute to reduce the whole 
volume of air. 

616. Farther, the opinion that has now been sta- 
ted, preisents nothing inconsistent with, or adverse to 
the chemical changes which the air experiences in 
the lungs ; but, on the contrary, the union of the 
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. oxygen and carbon in those organs must be tnuch 
&cilitated by the more condensed state of that gas, 
instead of being counteracted, as it would necessarily 
be, by the expansion which is generally conodved to 
happen. Without increasing the actual dimproions, 
we may also, by such an hypothesis, be said really 
to augment the capacity of the lungs ; since we com- 
press into the same space a much larger quantity of 
that aeriform fluid which they are destined to receiVe i 
and, perhaps, the very different estimates which 
have been given of the capacity of these organs, and 
of the ordinary bulk of air taken in apd expdled in 
one res{Hration, may receive illustration from the 
operation of such a cause. In the ordinary exercise 
of this function, however, this circumstance is not 
discovered, because all the causes c^ierating on the 
iur, either mechanically or chemically, preserve, as 
it were, an equilibrium of action, aiid» thereibre, 
neither excess nor deficioicy any where prevaik ; but 
when this equilibrium is disturbed by causes which 
induce a preternatural state of those organs, aad 
change the usual relations which they maintain ^ndi 
the atmoq>here, then the drcumstaace of this com- 
pressed state of the air becomes apparent. 

617. Messrs Alien and P^ys farther endeavoorad 
to determine, by their experiments, the qoaotity of 
air received into the lungs in an ordinary inqiization. 
In these experiments, a person in eleven numites 
passed 3460 ci^bic inches of atmospheric air tbioogh 
his lungs, in which time he made about 5S reqiira- 
tions. And as» on ordinary occasioiis, this same per* 
$on breathed 19 times in a minute, it is inferred. 
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that, by multiplying the time ccmstimed in the eicperl^ 
tnent by the number of natural respirations in a 
tninute, and dividing the whole bulk o^ air by the 
product, we obtain the true bulk of air received* inta 
the lungs in each natural inspiration i thus, 11x19 
t= 209 and ^-rir^ z= 16*S cubic inches, which is the 
quantity of air this person naturally inspires *• 

618. It is evidenty however, that the respira- 
tion of air, under the circumstances of this experi- 
m^it, can with no kind of propriety be considered 
Qsa just measure of the quantity naturally inspired ; 
for not only do the efforts of the mind, and the operas 
tioos of the apparatus, interfere greatly with the na^ 
tural actions of the respiratory organs, but the gross 
quantity of air received in 58 preternatural inspirations^ 
can never with justice be assumed as a true measure 
of the quantity breathed in 209 natural respiraticms4 
On this part of the subject, we continue to thmk the 
experiments of Dr Menzies (85.) the most unex« 
cepdoiiable of any which have yet been made, aU 
though the quantity of 40 cubic inches, which he 
assigns, does appear somewhat large. 

619. In their experiments on oxygai, Messrs 
Allen and Pepys found, that a larger quantity of ciufbo^ 
nic acid was formed when that gas was respired than 
ix^hen common air was breathed, being, in the former 
case, upwards of 37 cubic inches per minute f, and 
in the latter only £?• This result is directly opposed 
to those d[>tained by Mr Davy (128.), and is not, in 
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till cases, in slccordance with their own experience } 
for, in one instance, where atmospheric air was re^ 
spired for five minutes and a half, the quantity of car^ 
bonifc acid is stated tohaveamounted to 5 1 cubic inches 
per minute ; and the faster respiration was performed, 
the more carbonic acid, it is said, was given o£F, and 
consequently the more oxygen was consumed*. Indeed, 
it is reasonable to expect, that, within certain limits, 
a variation in the condition of the respiratory organs^ 
or in the exercise of their functions, should occasion 
a cdrresponding variation in the products obtained ; 
but the facts just stated shew, that, if the respiration 
be sufficiently rapid, as much, or more, carbonic 
acid can be formed from common air than from pure 
oxygen gas ; and therefore, the production of 
that acid is not so much regulated by the abundance 
of oxygen in the air inspired, as by some other es* 
sential condition of the animal organs. 

620. With respect to the actual consum]>tion tA 
oxygen, these chemists conclude, that the atmosphe- 
ric air, expelled from the lungs, usually contains 
from 8 to 8.5 per cefit. of carbonic acid, and that the 
proportion of acid in no case exceeds ten per cent. 
They estimate the quantity of acid thrown off in ele- 
ven minutes at 302 cubic inches, which is about 
87.45 per minute; and supposing the production 
uniform for twenty-four hours, the total quantity in 
that period wx>uld be 39534 cubic itches, weighing 
1 86S3 grains ; the carbon in which is 5363 grains, 
or rather more than eleven ounces troy. The oxy- 
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gen consumed in the same time, will be equal in vo*; 
iume to the carbonic acid gas } but it is evident that 
the quantity of acid expelled will depend much upon 
the circumstances under which respiration is pef form- 
ed ** This estimate falls considerably below that 
given by Lavoisier, Menzies, and Davy (126.) j and 
we must be allowed to observe, that, although we 
give entire credit to the accuracy and correctness of 
these experiments, in determining the actual chemi^ 
cal changes induced by respiration on the air, yet, 
from many circumstances which have been already 
stated, we do not think them equally calculated to 
ascertain the quantities of air consumed in the natu« 
ral exercise of this function. 

621. From the foregoing series of facts, concern- 
ing the respiration of the higher classes' of animals, we 
feel ourselves entitled to repeat with increased confi- 
dence, that ** the whole of the oxygen gas which 
disappears in respiration is employed (123.) to form 
the carbonic acid produced in that process :" And 
that *^ the nitrogen gas of the air neither suffers any 
change itself (129.), nor produces any direct opera* 
tion on the animal system/' Or, in the words of 
Messrs Allen and Pepys, " When atmospheric air 
^lone is respired, no other change takes place in it, 
than the substitution of a certain pordon of carbonic 
acid gas for an equal volume of oxygen !•" Con- 
sequently in man, as well as in the lower animals, 
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the conversiob of oxygen gas into carbomc acid 
constitutes the only essential change, which the air 
of our atmosphere experiences in the lungs during 
its respirations 
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ADDITIONS TO CHAP. V. 

OF THE SOURCE OF THE CARBON IN VEGETABLES AND 
ANIMALS BY WHICH THE CHANGES IN THE AIR ARE 
EFFECTED. 



622. Xn treating of the immediate source of the car^ 
bon in living vegetables and animals, and of the mode 
in which it was yielded by them to combine with the 
oxygen gas of the air, during the exercise of the re^ 
spiratory function, we endeavoured to shew chat its 
emission was connected with the exertion of a living 
action) and that it was ndt simply abstracted from 
the plant and animal by the operation of any affinity 
subsisting between it and the oxygen with which it 
combined^ We therefore necessarily concluded, that 
the carbon was an excretion from the living body, 
depending, like other excretions, on the motion of 
the circulating fluids; and ceasing to be aflforded, 
when those fluids ceased to move. Although this 
part of Q^r Inquiry has appeared to attract the least 
attention^ yet> to ourselves, it has always seemed 

x2 
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among the most important : and its immediate con* 
nection with our subsequent views of the theory of 
this function will, we hope, justify our attempt to 
give it all the additional evidence and illustration in 
our power. 

623. Commencing with the seed, we endeavoured 

to shew (137.) that the carbon which it afforded to 

« 

form carbonic acid, escaped from it in combmation 
with the exhaled moisture, and therefore that the 
union of this carbon with the surrounding oxygen 
did not take place while it properly formed a part of 
the vegetable substance. In support of this opinion, 
we alleged that the presence of oxygen gas was not 
necessary to abstract the carbon of seeds (ld3«) ; and 
we related some experiments of M. Huber, in which 
carbon was given out by seeds, and combined with 
the nitrogen of the atmosphere, after all its oxygen 
was consumed. 

624. Sihce that period, we have, ui part^ rq^ted 
these experiments, by placing successive quantities, of 
steeped peas to germinate in atmospheric air, where 
they remained some time after all its oxygen was 
consumed. The residual air was then washed in 
lime-water to remove its carbonic acid, and it was 
afterwards mixed with an equal bulk of atmospheric 
air, previously deprived, also, of its small portion ai 
carbonic acid. With this aeriform mixture a large 
phial was filled, in the usual manner, under water, 
and closely stopped. It was then kept inverted in 
water for several days, and a portion of it being af- 
terwards passed into pure lime-water oi:ca«oned in 
it a slight^ biBLt ytvj sensible discolouratioil« Tbb 
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cs^riment was repeated, and afforded the same re- 
sults. 

625. We next varied the experiment, by muring 
togather equal quantities of the residual air in which 
beans had grown, and of oxygen gas obtained from 
oxide of manganese. Both the gases were first wash- 
ed separately in lime-water, and were contained in a 
jar of the capacity of about 37 cubic inches. A small 
egg-cup, holding a cubiclnch of the water of potassa, 
and covered with a piece of oiled cloth to prevent 
the entrance of water, was next passed under water 
into the jar ; and the oiled cloth was immediately 
withdrawn. The jar with the alkaline solution was 
next removed from the trough on a saucer conveyed 
beneath it. By the tenth day, the volume of air had 
somewhat diminished, and the jar being now raised, 
the alkaline solution was passed into a tube filled with 
mercury, and inverted in a bason of that fluid. Di- 
luted acid was next passed up into the tube, which 
excited effervescence in the solution, and produced 
the disengagement of about iVth of a cubic inch of 
gas, which was afterwards attracted, with the usual 
phenomena, by lime-water. In these experiments^ 
the carbonic acid could have been formed only by 
the union of the oxygen gas with the carbon which 
had previously combined with the nitrogen of the at- 
mosphere during the process of germination ; and 
the results, therefore, accord completely with those 
obtained by M. Huber. 

626. This expulsion or emission of carbon by seeds 
is farther confirmed by the experience of M. Sene- 
bier , who observed similar phenomena to occur in the 
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vegetation of plants. If, says he, plants be placed to 
grow in a vessel of common air, the whole of its oj^y- 
genous portion will be gradually chsinged into car- 
bonic acid ; and if the residual air be afterwards 
washed in lime-water, nothing remains but carburet- 
ted nitrogen gas ; at least, he adds, if oxygen gas be 
added to this residual air, we obtain a fresh portion 
of carbonic acid gas. If, at the commencement of 
the experiment, pi^re hydrogen gas has been employ- 
ed instead of nitrogen, and the residual air, after 
being washed, be then mi:^ed with oxygen, the for- 
mation of carbonic acid is rendered still more sella- 
ble, by electrizing the aeriform mixture oyer lime- 
V^ater, a$ the acid gas is then at once produced, and 
attracted by the lime-watei" *. 

627. M« de Saussure, also, relates an experiment 
from which a similar inference may be drawn. H? 
placed a plant of ly thrum salicaria in 60 cubic inch- 
es of hydrogen gas, and exposed it to the sun, where, 
like some other plants of the same genus, it vegeta- 
ted for five weeks. On examining the air at this 
period, it ivas found not to suffer any diminution by 
the addition of nitrous gas, neither did it contain any 
carbonic acid ; but when a due proportion of oxy- 
gen was added to it, and it was tl\en fired by the 
electric spark, it yielded water, together with portions 
pf carbonic acid and nitrogen gases. Another quan- 
tity of hydrogen gas, which stood by the side of the 
former, but in which no plants had been plaotd, did 
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not afford any s^sible quantity of carbonic acid by 
its combustion with oxygen gas *• The hydrogeoi 
gas, in the former case, must have derived its carbon 
from the plant, and this carbon, during the combus* 
tion, must have united with the oxygen to form car- 
bonic acid. The production of water arose, no 
doubt, from the direct union of oxygen and hydro** 
gen, while the nitrogen proceeded from the air pre- 
viously existing in the plant. 

628. Still farther to corroborate these results, we 
added to about 22 cubic inches of the residual 
•r of vegetation 1 4 inchcS of oxygen, after both 
gases had been 6rst washed in lime water. Water of 
piotassa was then passed into the jar, in the manner 
before related (625.), and the jar was thus complete- 
ly filled by the ^iform mixture and solution. A 
saucer, fille#wfth mercury^ was tj^en passed under 
the jar, which was thus removed from the trough, 
and the wat^ on the outside of the jar was removed 
by a sponge, and 'Mly a thin film of that fluid co- 
vered the mercuiy^ witbm. By the 16th day, the 
mercury had risen ncHurfy four-tenths of an inch into 
the jar ; and when, al this period, the jar was raised, and 
a diluted acid poured on the alkaline solution,' it exci« 
ted in it a very brisk ^evescence. '^hese facts suf' 
ficiently testify that carbon is given out both by seeds 
aad pkints in a form capable of uniting either with 
QVttogen or hydrogep gas ; and they consequently 
pyove, that the presence of oxygen gas is not neces. 
sary to abstract this substance. 
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629* But if hydrogen and nitrogen thus enter into 
union with the carbon of vegets^les, in what place 
and mode are we to consider this union to be accom- 
plished ? Are we entitled to suppose that these gases 
penetrate the organized structure of the seed and 
plant, and are afterwards expelled from* them> char- 
ged with carbon ? If such a supposition be recei- 
vedy the operation must be effected by the agency of 
a living power, or by the exertion of chemical af- 
finity. Against the former, it may, however, be 
urged, that vegetables, when confined in these gases, 
do not exhibit the phendlnena of living action ; ami 
consequently we possess no evidence that such action 
b then exerted. 

6SQ. Shall we then ascribe this supposed entrance 
of these gases into vegetables to th^peration of che- 
mical affinity ? T^t the actual unioft c# these bodies 
is brought about by the exertion of such a force, we 
readily grant ; but our present 9b)ect is^to discover 
the manner in which these elements are prepared for 
such an union, and the plaqi where this union is ac- 
complished, Now, before carbtfretted nitrogen or by* 
droges wa& formed in these experiments, the carbon 
existed* in combination with the other efevients of 
the seed ; an<f from those elements' it must have 
separated^, before it could combii^e anew. Was theft 
this separation effected hy a superior attractive faice 
exerted by these gases, or did it proceed, in the fine 
instance, from a diminished attraction, or incipient 
repulsion among the constituent elftnents ff the re* 
getable ? We adopt the latter view, and, consequently, 
suppose the carbon to be given off by the seed or 
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plant, raiher than believe it to be drawn away by the 
attractive force of the gases to which it was expo- 
sed. 

631* If we may be allowed to venture an opinion 
upon a difficult question in chemical doctrine, we 
would beg ta remark, that chemists appear to have 
ascribed too much to the attractive, and too little to 
the repulsive forces, exerted between the particles of 
bodies. In artificial experiments, they generally ef» 
feet decomposition by the employment of agents 
which exert a superior attractive force towards oat 
or other of the elements of the compound ; and the 
decomposition may then be truly said to be accom* 
plished by the energy of attraction. But decotnposi«^ 
tion occurs, likewise, spontaneously in bodies, where 
no pa^cular attraction is exerted by the surrounding 
bodies, and where, therefore, the first movements 
towards change must arise in the bodies themselves. 
By these spontaneous movements, the composition of 
the existing compound is subverted, audits separated 
elements are then at liberty to enter into new combi 
nations with eadi other, or with the bodies which 
surround them. Hence the decompositioia of a bo* 
dy m^ be effectiad either by the superior attraction 
eacerted towards one or more of its elements by some 
other body ; dl* it may proceed from a spontaMona 
dnnge in the. natural affinities of the elements of the 
body itself, in which case the separation of its parts 
flBay more properly be said to arise from repulsion 
than from attraction. 

€S8. :4iQ the phenomena of spontaneous decompo^ 
aitidii appear to us, indeed, to suggest the belief ^'tkaj^ 
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the elements of the compoond gradually pass from 
an attractive to a repulsive state, by which its original 
constitution is subverted. Thus, when cavburetted 
hydrogen or nitrogen, or even carbonic acid, is fortn- 
ed by seeds placed either in hydrogen, nitrogen, or 
oxygen gas, we see no reason for sup^sing these 
gases to penetrate the substance of the seed, and, by 
a superior affinity, to draw off its carbon ; but we 
rather suppose this carbon, by a previous change in 
the seed, to be released from its former state of com- 
bination, and brought into a condition more or less 
fitted to combine with the gaseous bodies that sur- 
round it, according to the order of their affinities for 
that substance. 

683. Perhaps the expulsion or emission of carbon, 
under such circumstances, may receive illuatration 
from the emission of odorous particles from bodies. 
It will not, we conceive, be said that the emission of 
these particles is caused by the attractive force exert- 
ed by the elements of the atmosphere, but that it 
proceeds from some spontaneous changes going on 
in the body itself, the atmosphere serving only as a ve« 
hide for ,the conveyance of these particles, and as a 
medium which readily permits their escape anfl^ diffii# 
sion. If, however, these bodies be placed in certain 
cirqumstances, the emission of their odorous particles 
is more or less checked and prevented. This maybe 
accomplished either by withdrawing lieat or moisture, 
^oth of which were necessary to excite and facilitate 
those spontaneous changes on which the emis^oa of 
the odour depended ; or the odour may be arrested 
ia its escape by mech^uicaUy stopping up*it\e fMAt 
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of the body vith varnish or oiL Should this, how* 
ev^, be done, the emission of the odorous particles 
cannot be said to be prevented by the absence of any 
cause required to attract them, but by the removal 
of those circumstances which were necessary to fisu 
your their separation, or by the interposition of other 
bodies which prevent their escape, even although 
their separation be made. 

634. In like manner, we consider the separation of 
carbon from the other elements of seeds, so far to 
resemble these operations, that, at the commencement 
of germination, it is effected by the spontaneous 
changes whiqh arise in the seed, and not by the at- 
tractive force of the oxygen of the air. When, 
however, oxygen gas is supplied, its superior affinity 
for the carbon of the seed leads to its combi- 
nation with it, to the exclusion of nitrogen gas ; and, 
\}y a subsequent agency, arising out of that combina^ 
tion, the development of the seed, is accomplished. 
Although, however, oxygen gas be necessary to 
this particular change in the seed,/ we are not from 
thence to conclude that it is necessary to every 
change ; for we have seen that the seed experiences 
other changes when no oxygen gas is present. 
H^ce, therefore, it appears to us that the carbon 
yielded by seeds, both under decomposition and in 
germination, proceeds, primarily, from spontaneous 
changes excited in the seed itself, and that it is not 
removed by the operation of an attractive force, ex- 
erted by the surrounding oxygen. 

635. What, then, are the circumstances or agents 
^hich ^vour or promote that spontaneous chan^^ ^ 
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the seed which leads to the separation of one or man 
of its constituent parts? They are essentially heat 
and moisture j for it is only when the seed is duly 
moistened, and placed in a proper temperature, that, 
either by decomposition or by germination, it is able 
to emit carbon. By a high degree of beat alone, in- 
deed, the carbon of the seed may be separated and 
expelled ; but the results are then altogether different 
from those which follow the spontaneous changes to 
which we have alluded, and to which the concur- 
rence of moisture is necessary. Sincej therefore, 
beat cannot be the sole agent by> which the carbon 
of the seed is brought into a state capable of combin- 
ing with the oxygen gas of the air, no other mode oc- 
curs to us in which this can be accomplished, but 
that of solution in water ; and, therefore, we conclude 
that this carbon passes off* with the moisture of the 
seed, or is, at least, brought into a state capable of 
.doing so by its solution in that fluid. 

6S6.4^To this conckision it has been objected, that 
carbon is not soluble in wsuer, because pure charcoal 
appears to resist the solvent power of that fluid. 
However much this objection may weigh against the 
solubility of pure carbon, it does not apply to cartxm 
as it exists in vegetables, where the complex state of 
its combination may greatly facilitate its solution. 
For ** in chemistry,'* says Dr Thomson, "it may be 
considered as a truth, to which at present few or no 
exceptions are known, that bodies are decomposed 
with a facility inversely as the simplicity of their 
composition ; those which consist of the fewest in- 
gredients being decoTwiposed with the greatest diffi- 
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tiAtfy and those which are formed of many ingfedi^ 
ents, with the greatest facility */' In proof of the 
solubility of carbon, it may be added, that there is 
scarcely any vegetable fluid, either natural or artifi- 
cial, which does not contain carbon in a state capable 
of forming carbonic acid by combining with the oxj-* 
gen of the air. Thus it is known that the infusion 
of malt, in the process of brewing, produces an 
abundance of carbonic acid ; and M. de Saussure ob« 
served, that vegetable juices and extracts dissolved in 
water, and vegetable infusions in passing to the state 
of vinegar, converted the oxygen gas of the air into 
an equal bulk of carbonic acid f. 

637* It has been farther objected, that the union 
of carbon and oxygen cannot be effected at so low a 
temperature as is here supposed ; but, unless we de« 
ny altogether the formation of carbonic acid in de« 
composition, as well as in germination, we must ad<» 
mit such combination to take place at the ordinary 
atmospheric temperature. It is well observed by Mr 
Mumy, that, ^^ although carbon, in its solid and in^ 
sulated form, requires to be raised to a high tempC'^ 
rature to cause its combination with oxygen^ yet^ 
when it makes part of a ternary or quaternary com* 
bination, in which state its cohesion no longer oppo* 
ses the combination, it then combines with osygen at 
any natural temperature j." 



♦ Thomson's Syst. Chem. vol. v. p. 417^ 3d edit 
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6S8. We have no grounds to believe that the car' 
boil of vegetables, in combining with oxygen, passes 
off in k gaseous form ; for although, in the com- 
pounds of carbonic acid» and of carburetted hydro- 
gen and nitrogen, it exists in an elastic state, yet there 
is no evidence of its being able to maintain that state^ 
unless it be combined with some permanently elastic 
body ; and when, by decomposition, it is again sepa- 
rated from such combinations, it resumes a solid 
form. Thus Mr Tennant found charcoal to be pre* 
cipitated in the decomposition of carbonic add by 
phosphorus (464.); and Mr Cruickshank and Dr 
Henry, on submitting pure carburetted hydrogen and 
olefiant gases to electrization, observed the charcoal 
to be separated and deposited on the inner surface of 
the glass-tube, and the hydrogen then assumed a state 
of greater expansion *• As, therefore, this substance 
does not seem capable of existing by, itself in an 
elastic form, like some other inflammable bases, we 
have additional grounds for concluding that it really 
passes off from the seed in solution, or in concilia- 
tion with water. 

650. But while we thus suppose ihat carbon is ra^ 
ther given off by the seed or plant to unite with the 
surrounding gases, than that - these gases are first at- 
tracted into the seed tOi combine with and carry off 
its carbon, we do not mean to deny that oxygen, and 
even other gases may not exert attractions towards 
the vegetable body, and, by their mechanical or 
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themical properties, penetrate, in a certain degreej the 
pores of the seed, and there unite with its carbon, 
after it has been brought into a stkte fitted for such 
combination by the spontaneous changes described 
above. All that we contend for, is, that the «epara« 
tion of the carbonic matter from the other elements 
of the seed is not effected by the attractive force of 
the oxygen, but that the seed itself must have •previ- 
ously undergone changes, by which its carbon is re- 
duced to a state fitted to cooibine with the surround- 
ing air ; and so far is oxygen from being necessary 
to abstract this carbon, that this substance is often 
given off by the seed where no oxygen gas is pre- 
sent. In ordinary cases, therefore, we believe the 
union of carbon and oxygen to take place at the sur** 
face5 or, it may be,i within the pores of the seed or 
plant; but if oxygen be not supplied in due quanti- 
ty, to unite with and carry off the carbon, this sub- 
stance will escape, in combination with nitrogen or 
any gas that surrounds it, according to the laws of its 
affinity for it ; or, if no gas be present, it then passes 
off in an elastic form in union with oxygen ( 1 SO? ^^^* 
ved either from the decomposition of the seed, or of 
the water which it has previously imbibed. . Even in 
hydrogen and nitrogen gases, carbon not only passes 
off in a simple form, but also in combination with 
oxygen (5.), derived from one or other of these 
sources. 

640. Without attending to the state in which we 
have supposed the carbon to pass off from living bo- 
dies, some writers have imagined that we considered 
it to be afforded in a solid form. It has, however, 
been our aim throughout to estabW^Vv t\ve e"x\%\.^wc^ 
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of this substance in a fluid state ; , and we have no 
objection even to admit of its gaseous escape from 
bodies, if any evidence can be brought of its capacity 
to maintain that state» or if it can be shewn,^ by ex- 
periment, to escape in combination with any other 
permanently elastic matter ; but, possessing no evi- 
dence that it really does so, and feeling assured that 
it actually is held in solution in water, we conclude 
in favour of the latter opinion. Hence we would 
not be understood to attach any new or peculiar no* 
tion to the mode or state in which carbon exists; but 
to speak of it as a solid, fluid, or gaseous substance, 
according as it may chance to exist in one or other 
of those states* 

641. As, in the preceding discussion, we have 
spoken indiscriminately of the emission and combina* 
tion of carbon with oxygen gas». both under the de* 
composition of organised bodies and during the essis- 
tence of living action, it may be proper that we 
should state our opinion of the diflSerence, although 
we are not able to define the exact limits of those 
states or terms« Thus we have seen, that carbon is 
afforded, in union with oxygen, by seeds confined in 
hydrogen or nitrogen gases (5.), or even in pure 
mercury (19.), where nothing resembling a living 
action can be supposed to exist. The same condi- 
tions of heat and moisture which, in these drcum* 
stances, enable it to yield carbon, are required, also, 
for the emission of this substance during gennina- 
tion; but no development takes place, unless oxy« 
gen gas be likewise present. Now the carbon, it 
this early period ot iVie i^ioce^^we suppose to be gi* 
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nearly ih the same manner as it is afforded by ina^ 
nimate bodies. By this carbon the surrounding oxy- 
gen is changed, and the development of the seed 
succeeds to this chemical action. In the progress of 
this development^ the organization of the seed is un^ 
folded ; and wh^n this is sufficiently complete^ the 
emission of carbon, like the other functions' of the 
seed^ is then executed by an organised structure, and 
becomes obedient to those laws which govern and 
regulate the actions of living beings. It is the same 
with regard tg^ moisture. The dried seed imbibed 
moisture^ at first, like any other inanimate body. 
By this moisture, in conjunction with other agentt^ 
its organic structure is gradually developed, whete- 
by a vascular system is evolved, and then properly 
commences the function of absorption. Hencef^ 
therefore, as it may be said that seeds, ac first, sim- 
ply imbibe and afterwards absorb moisture, so do we 
say that the carbon at first is afforded by them as it 
is by inanimate matter ; but subsequently it passes 
off through an organic structure^ when it may pro- 
perly be said to be excreted or exhaled. 

642. In support of the doctrine, that the catbon of 
vegetables passes off in combination with their ex- 
haled fluids, we farther maintained (1S9.), that the 
changes in the air were most extensively effected, 
when plants possessed the greatest vigour, and the 
motion of thdr fluids was most actively carried on. 
On tht contrary, whatever arrested the motion of 
these fluids, diminished the extent of the changes in 
the air, and consequently bore witness to ^ ^trosas&ik- 
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td exhalation of carbon. It is in conformity with 
this view that evergreens, which perspire less (23.) 
than other plants, were found by M. de Saussure to 
form less carbonic acid * ; and when the perspiratory 
function wholly ceases, there ' is reasoft to conclude 
that no farther change is then induced on the air. 

643. But the leaves of plants, like other organic 
substances, are enabled to afford carbon. after all 
Uving action has ceased, provided they be placed 
in those circumstances of moisture and heat which 
give rise to the spontaneous changes necessary to 
the performance of this chemical 'action. Hence 
plants, like seeds, form carburetted hydrogen when 
confined in vessels of that gas; and their leaves, 
after separation from the stem^ deteriorate the air if 
they are kept in the shade f. In the progress of their 
deconiposition, also, either in water or in air, their 
carbon escapes in combination with different elastic 
fluids. From these fact^ it appears, that, in due de- 
grees of moisture and of heat, a constant action is 
maintained between vegetables and the air, under 
which carbonic acid is produced. In the dead plant, 
however, this carbon is separated in the progress of 
those spontaneous changes which terminate in the 
destruction of the vegetable structure : in the living 
one, it is given off as an excretion, and therefore de- 
pends primarily on those laws and conditions which 
regulate the motions and conditions of the vegetable 
fluids. In many instances, however, it may be difS- 

* Recherche* Ch\tt\. ^. 96, f Ibid. p. 60. 
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tult, or even impossible, to fix the precise limits 
where the one operation terminates, and the other 
begins. 

644. With respect to the ulterior source of the 
carbon in living vegetables, we have supposed (159.) 
that its supply, in the later periods of v getation, is 
derived, like the other ingredients which go to the 
composition of the plant, from the soil or situation 
in which it may be placed to grow. From the fact, 
however, of carbonic acid being decomposed by 
plants which vegetate in sunshine, it has been infer- 
red by M. M. Senebier and De Saussure, that the 
carbon of this acid was retained and assimilated so as 
to afford a constant supply of nutriment to the plant. 
But plants have been shewn to live and grow in the 
shade, whe^ they decompose little carbonic acid, 
and can, therefore, in this manner, derive but little 
carbon; and, even in sunshine, it has been also 
shewn (305.) that they grow for long periods in at- 
mospheric air without affecting permanently either 
its purity or its volume. Consequently, if it were 
granted, that, by the decomposition of carbonic acid, 
they obtained carbon in sunshine, they must again 
give out an equal quantity of it, when they form 
carbonic acid in the shadt; so that no excess of car- 
bon remains to be applied to the growth and aug- 
mentation of the plant. M. de Saussure, indeed, ad- 
mits that plants grow in atmospheres perfectly freed 
from carbonic, acid ; but he then supposes them to 
obtain carbon by decomposing the acid which they 
had previously formed. It is, however, obvious, that 
they cannot, in this way, absolutely ^cc^xe cax\>Q?ci*^ 
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Since, as has been well observed, this acid could not 
ibrnish to pbnts mofre of its base than it had pre?i- 
ously taken from them *. When, too, we consider 
die almost inappreciable quantity of carbonic acid 
that exists In the atmosphere, and call to mind that 
its proportion remains uniformly the same, whether 
vegetation continue or be suspended^ we cannot bring 
ourselves to believe, setting aside all physiological 
objections to this mode of nutrition, that jplants ob- 
tain from the atmosphere any portion whatever of 
that carbon which administers to their nutrition and 
growth. 

645. From the following experimexkt of M. Bra- 
connot we learn, likewise, that plants, during dieir 
vegetation, may considerably augment their propor- 
tion of carbonic matter in situations in y hich no car- 
bon can be supposed to be derived from the atmo- 
sphere that surrounds them. He confined 460 
seeds of white mustard in a large glass bottle, 
filled in part with very fine white sand, which 
Ivas previously deprived of all calcareous earth 
by washing it in muriatic acid* - This sand he 
then inoist^ned with distilled water, and filled the 
temainder of the bottle with atmospheric air, freed 
from carbonic acid; After closing the bottles 
very accurately, they were placed a few inches 
deep in a moist soil. Vegetation soon commenced, 
and considerable verdure was produced. At the end 
of six weeks, the plants were taken out of the bottle, 
and washed with great care, and dried* in this state, 
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tb^j weighed 140 graifis, and after the saline and 
other matters were dirivea off by a strong beat^ there 
reiaained 23 grains of pure carbon ; while 460 seeds 
of the same kind, which were submitted to a similar 
process of incineration, afforded much less carbon ; 
so that the seeds in close vessels acquired, says M. 
Qr^onnot, 1 54- grains of pure carbon, which appear- 
ed evidently to have been formed at the ^xpence of 
water, and probably of light*. The air, he adds, 
had undergone little change ; which, doubtl^^, arose 
from its being so fully exposed to the agency of 
light. 

646. The foregoing result dearly shews that plants 
acquire carbon in air which contains iiio carbonic 
acid ; but on its absolute correctness we are disposed 
to place but little reliance. The attempts to ascer- 
tain the quantity of carbon in vegetables, by the pro- 
cesses of distillation and combustion, in the manner 
they have been hitherto conducted, appear to us very 
unsatisfactory} for no account seems to have been 
taken of the quantity of that substance which, during 
the operations^ passes off in a gaseous form. ^^ When, 
however, a vegetable substance, composed of oxy- 
gen, hydrogen and carbon, united in the form of a 
ternary compound, is submitted to distillation, at a 
temperature not below that of ignition, the equili- 
brium of affinities, whicb^ constituted the triple com- 
bination, says Dr Heipxy, i$ destroyed ; and the ele- 
ments composing it are united in a new manner. 
Those which are disposed to enter into permanently 
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elastic combinations escape in the state of gas ; and 
thus' the aeriform products of the distilUtion of ve- 
getable substances are mixtures of carbonic acid, 
carbonic oxide, oleiiant, carburetted hydrogen, and 
simple hydrogen gases; or of two or more of these 
in various proportions */' Until these sources of 
fallacy be duly attended to, and fairly estimated, it is 
in vain to place any great confidence in the attempts 
to ascertain the quantity of carbon in plants by the 
destructive mode of analysis that has now been 
stated. 

647. But M. de Saussure has attempted to shew, by 
arguments of a somewhat different kind, that grow- 
ing vegetables derive carbon from the atmosphere. 
M. Hassenfratz had before endeavoured to prove, 
that plants which grew in pure water, and were ex- 
posed to the atmosphere, contained less carbonic matu 
ter than the seeds from which they sprang. M. de 
Saussure obtained a similar result when he caui^ 
plants to grow in places weakly illuminated; and 
the absence of light, therefore, may, he supposes^ ac- 
count for the results which M. Hassenfratz obtain- 
ed t- In other experiments, however, conducted 
under exposure to the sun, different resuks were af- 
forded. The roots of several plants of peppermint 
were pltmged in phials of distilled water, and left to 
vegetate, in a free exposition to the sun and air, but 
protected from rain. After growing ten weeks, 100 
parts by weight were increased to 216^ parts. 
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These 216 parts were then reduced, by drying them at 
the temperature of the atmosphere, to 62 parts, which 
aflF<Mrded, by incineration, 15.78 parts of carbon. At 
the same time that the plants above mentioned were 
put to grow in distilled water, an equal weight of si- 
milar plants was dried and incinerated in the same 
manner, but they yielded only 40.20 parts of dry ve- 
getable matter, which contained only 10.96 parts of 
carbon ; whence it is concluded, that the plants 
which had grown ten weeks in the open air, and were 
supplied only with distilled water, had acquired 4.82 
parts more carbon than chey possessed before the ex- 
periment. 

648. In . another instance, M. de Saussure placed 
four beans, weighing 1 20 grains, to vegetate in pure 
silicious earth contained in a glass capsule. They 
were watered with distilled water, andkept^ for three 
months, in a free exposition to the sun and air. 
When taken up green, immediately after flowering, 
they weighed 1642 grains, but were reduced^ by de* 
siccation, to 202 grains, which afforded 51 grains of 
carbon ; while four similar seeds, of the same weight, 
and dried and carbonized in the same manner, yield- 
ed only twenty-two and a half grains of carbon. 
Hence, says M. de Saussure, the first four beans had 
more than doubled the quantity of carbonaceous 
matter by vegetating in distilled water in the open 
air ; and it cannot be doubted but that this matter 
was derived from the decomposition of carbonic 
acid found in the atmosphere *. 
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649< £v^ although we pass over the sources of 
fa^Ilacy in estims^ting the quantUy of carbon already 
Stated, aQ4 yield entire credit to the accuracy of. the 
results in these comparative experiments, yet many 
circumstances concur to prevent our acquiescence 
in the conclusion drawn from them. For, fine, 
Vfe have no evidence that the small portion of car- 
bonic acid, contained in the common atmosphere, 
can enter plants in order to be thus decomposed and 
yield its carbon, since the results afforded by plants ' 
growing in closed vessels cannot, in thi^ instance, be 
justly applied to th[ose obtained und^r a free exposure 
to the air, where the proportion of carbonic acid is 
so much- smaller, and its ready difFusiqn through the 
atmosphere must so rapidly take place. By similaf 
experiments, indeed^ M. de Crell was led to an op- 
posite conclusion ; for the quantity of carbon, c<m« 
tained in the carbonic acid of the atn^osphere, could 
not, in his opinion, account for the addition of that 
substance which the plants, in his experiments^ ret 
ceived ; and he, therefore, supposed plants to possess 
the pQwer of composing carbon, ep^|>loying for this 
purpose only water, atmospheric air, and light *^ 
IVI. Braconnot, also, by es^periments of the same 
kind, has been led to conclude that vegetables^ lind in 
pure water eviry thing necessary for them to a^aimi- 
late ; that vegetable mould and manures yield no 
nutriment, but are useful only as they improve the 
texture of soils, and retain and supply moisture; 
and that earths, alkalis, metals, sulphur, phosphoru^^ 
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and charcoal, are developed from water by the organic 
powers of plants, assisted by solar light *. 

650. The discoveries of Mr Davy, however, which 
are. scarcely more to he valued for the actual addi- 
tions they have made to the sum of our knowledge, 
than for the corrections they have introduced into 
what we were before supposed to know, have dis*- 
closed new sources of fallacy in these experiments, 
which the state of science, at the period they weUe 
made, could not have enabled their aothors to foresee. 
** The experiments j" says he, " in which it is said that 
alkalies, metallic -oxides, and earths may be formed 
from air and water alone, in processes of vegetation, 
have been always made in an inconclusive manner ; 
for distilled water may contahi both saline and me^ 
taliic impregnations ; and the free atmosphere almost 
eonstantly holds in mechanical suspension solid sub- 
stances of various kinds. **-^*' The conclusions of 
M. Braconnot,^' he adds, ^ are rendered of little avail 
in consequeqce of these circumstances. In the only 
ptse of vegetation in which the free atmosphere, in his 
experiments, was excluded, the seeds grew in white 
sand, which is stated to have been purified by wash-r 
ing in muriatic acid ; but such a process was insuffi- 
cient to deprive it of substances which might afford 
carbon or various inflammable matters.*' 

651. ^' In the common processes of nature/* con? 
tinues Mr Davy, " all the products of living beings; 
niay be easily conceived to be elicited from known 
combinations of matter. The compounds of iron, o^ 
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the alkalies, and earths, with mineral adds, ge- 
nerally abound in soils. From the decomposition 
of basaltic, porphyritic, and granitic rocks, there is a 
constant supply of earthy, alkaline, and ferruginous 
materials to the surface of the earth. In the sap of all 
plants that have been examined, certain neutro-saline 
compounds, containing potash, or soda, or iroo, have 
be» found* From plants they may be supplied to 
animals* And the chemical tendency of organiza- 
tion seems to be rather to combine substances into 
more complicated and diversified arrangements, than 
to reduce them into simple elements */' To these 
views of the economy of living beings we yield our 
cordial assent, and hold them to be not less ccmsis- 
tent with the most advanced state of chemical sd- 
»ce, than with the justest conceptions we can form 
of the varying structure and properties of organic 
bangs. They lead us directly back to the opinion, 
thai vegetables derive the carbonaceous matter 
that contributes to their growth throng the fluids 
which they absorb iirom the situatioQs in which they 
grow* 



6J3* Ik the same minner as she carbonic matter ir 
eadiaied by plants^ » likewise have w« maintained 
diat, during the contiauauce of hrii^ aciioD^ it is 
^ven on by the ejdukftt nmctka ol anu^^ The 
iK» which we adduced in ^uppvxt cf this ^y^S^ip 
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K^ere chiefly of a physiological nature ; and although 
they do not seem to have drawn much attention 
from others, yet to ourselves they have always ap*. 
peslred to approach nearly to perfect demonstration. 
They were derived chiefly from the " Memoirs on Re- 
spiration" by the late Abbe Spallanzani, and the con>- 
tinuation of this writer^s labours enables us to add 
fiome facts in addition to those already stated (142.), 
in farther confirmation of this doctrine. Whatever 
difference of opinion may prevail as to the state in 
^hich the carbon exists, and the mode in which it iB 
expelled from the body, we must think the follow* 
ing facts afford decisive evidence of the immediate de-> 
pefidence of this action upon the living p&wers of the 
animal system. 

' 653. It has been already remarked (1.) that seeds, 
in a perfectly dry state, do not, in the smallest de« 
griee, affect the quality of the air in which they are 
fipiafined ; and such, too, we may conclude, must be 
the case with the rotifer | (48.) and various other 
zoophytes, which, when Kndered perf(^tly dry, rei- 
main unchanged for an indefinite period of time. 

654. The experiments already detailed (142.) sufr 
ficiently prove, that, during the suspension of living 
action in the vermes and moUusca classes, no change 
whatever is induced on the air that surrounds them. 
The correctness of these facts we have since verified 
by e?:periment ; for we found that snails, while coup 
fined in glass vessels over, mei'cury, and kept in tem- 
peratures at or below the freezing point, remained 
quite torpid, and did not emit any sensible portion 
of fluid from their bodies, nor, in t;tve ^rn^We^ ^'t^ 
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gree, affect the quality of the surroyiiduig air j; but 
if the temperature was raised a few degrees, the ves^ 
. sel soon became dim from the exhala,tion of ft^id, the 
animals revived, and the oxygenous portion of the 
air was then, as usual, converted into carbonic aci4. 
We have before related ei^amples of sfiails (4r8.) 
which, like the rotifer, w^re relniereid! toirpid by the 
abstraction of water ; and, since they reiBaiiied in 
that condition for years without exhibiting any ma^ 
terial change, it may be safely inferred, that, during 
the samic period, they effected no chafige in the a^ 
that siu*rounded them. 

655* In the insect cl2^9, Spallanzani foun4 th^ 
caterpillars,' which were m full vigour, consumed 
more oxygen and produced more carbonic acid than 
others ; and when about to change into chirysaHdes, 
they consumed less than in their caterpillar $tate *# 
A caterpillar, confined in air at temperaijure 9? Rem^ 
mur, consumed, in five hours, only 0*02 of it&fm^ 
gen gas, while a similar caterpillar, kept fpr the eaipl^ 
time in a temperature varying from 16 to 17^, con^ 
sumed 0.08 of oxygea^gas* When several cat^^ 
pillars were kept for a whole night in a vessel of air, 
preserved in a temperature at and helew zerq, th^ 
air, on examination, contained its usual quantity of 
oxygen, so that no portion of that gas had disappe^- 
ed. When, however, the temperature was raised to 
1t^ above zero, the animals then, in a small degree, 
consumed the oxygen gas of the .air f. 
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6^6. With respect to fishes^ Spallan2ani remarks, 
that; ' in great colds, they bury themselves in holes, 
and in the slimy beds of streams ; but never become 
absolutely lethargic *• Some tenches, which were 
placed in water five degrees below zero, continued 
x6 move although the water froze around them. In 
cold air they soon became immoveable, but instantly 
recovered action when replaced in water f. In these 
low temperatures, they breathed only seven times in 
a minute ; but as the temperature was increased, the 
respiration became accelerated. After a certain time, 
however, they died in vessels of frozen water from 
the want of fresh air t. A tench, kept during a 
whole night in air that was only half a degree above 
zero, consumed a small portion of its oxygen and 
formed carbonic acid ; which is a farther proof that 
they do not become entirely lethargic from cold §. 
From these facts we learn, that fishes do not natural- 
ly become lethargic from cold, and therefore conti- 
nue always, in a small degree, to act upon the air» 
They lose, however, their former vivacity, and, in 
proportion as their respiration is suspended, they 
consume less oxygen gas ^. 

657* In the reptile class, the same author observed^ 
that, in a temperature one degree and a half below 
.zero, the heart in serpents beat only twice in a mi- 
nute, and respiration was suspended. When remo*^ 
ved to a temperature of 7®, the heart soon recovered 
its action, and beat 10 or 12 times in a minute; and 
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in still higher temperatures, the pulsations amount- 
,«d to 28 or SO per minute \ From these and simi- 
lar experiments, Spallanzani concluded that cold di- 
minished the action of the heart and lungs, and, 
vfhen the lethargy was complete, the motion of the 
heart almost entirely ceased, and very little effect 
was then induced on the air f* In like manner, frogs^ 
and other animals of this class, became more or less 
lethargic under great reductions of temperature; 
but the heart continued to beat slowly, and the air, 
in a small degree, was changed ; the consumption of 
oxygen, however, was always proportional to the ele- 
vation of temperature t. These facts prove, that, in 
all the lower animals, the consumption of oxygen 
gas by respiration is preceded by the motion of the 
animal fluids, which agsun immediately depends on 
the presence and operation of heat* 

65S. No experiments, we believe, have yet been 
made on the respiratory process of birds during their 
torpid state ; but if the assertion, that these animals 
often pass the period of hybernation under water, be 
true, they must retain the faculty of reviviscence in 
situations from which air is excluded. As, there- 
fore, in such situations, air is not necessary to their 
existence, it may be reasonably inferred, that when, 
in other situations, the actions of life are suspended^ 
the air does not experience any chemical change. 

659. In the mammalia class, we have already ad- 
duced (143.) the example of the marmot as com- 
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pletely proving the fact, that no chemical dfaange is 
effected in the air by the respiratory organs, during 
the continuance of complete torpor ; and Spallan- 
zani found, also, that neither bats, dormice, nor 
hedgehogs, produced any change in atmospheric air 
during the suspension of the circulating and respira- 
tory functions. The results thus obtained, by ex- 
periments on the lower animals, may be extended, in 
all their circumstances, to man ; for although we 
possess no direct proof of the air remaining im- 
changed during the suspension of respiration, yet the 
actual cessation of that function may be regarded as 
evidence of it ; and we have also seen that man, like 
other animals, consumes more oxygen while he is 
vigorous, and d^uring a state of exertion, than under 
the opposite circumstances of debility and inaction* 

660. But if it thus appear, that, so long as the 
blood, in all animals, continues to move, the oxy- 
gen gas of the air continues to be changed ; and con- 
rersely, if no change be effected in the air when this 
motion in the blood has ceased ; we must suppose 
some necessary connection to subsist between these 
events : and farther, as the change in the air follows 
always the motion of the blood, and gradually ceases 
to be produced as that motion declines and ceases, 
we must also suppose the effect in. the air to depend 
on this antecedent motion of the blood, which^ there- 
fore, in common philosophical language, we are en- 
titled to consider as its cause. In the order of events, 
however, this motion of the blood is not the imme- 
diate cause of the change in the air, but only enables 
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the animal to furnish carbon in that mode and state 
by which this chemical action on the air is accom- 
plished. Consequently we conclude^ that the carbon 
supplied by animals, during the exercise of the re* 
spiratory function, is an animal excretion, depend- 
ent, like other excretions, on the motion and distri- 
bution of the blood. 

66 1 • We before maintained that this carbon, in li- 
ving animals, was brought into actual contact with 
the air through the medium of the exhalent vessels 
in the lungs, and we remarked (156.) the peculiar 
circumstance of this exhalation being furnished as 
well from the venal, as from the arterial, blood in 
those organs. The following observations of Dr 
Barclay entirely accord with these views. '* The 
change produced in the blood by respiration,*' says 
he, '' is probably owing more to exhalation than ab*- 
sorption, for no artery exhales so freely as the pul- 
monic. A watery injection thrown into this artery 
with a small force, will flow copiously into the bron- 
chi, and without occasioning any thing Kke ruptm'e 
in its smaller vessels. But whether the exhalation 
be, or be not, the principal cause of change in the 
blood, pulmonic blood, when exposed to the air 
through the medium of its vessels, is always observ- 
ed to change its colour a great deal faster, while the 
exhalents continue to act with a vital energy, than 
when they act slowly and feebly as inanimate or- 
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662. Besides this exhalation of carbonic matter 
by the respiratory organs of animals^ many facts tend 
to prove, that, during the continuance of living ac- 
tion, a similar change is effected in the air by the 
skin. Spallanzani found that some insects, which 
possess no stigmata, consumed the oxygen gas of the 
air by the medium of their skin ; and the same of- 
fice must be performed by the skin in many worms 
and zoophytes, which possess no other distinct respira- 
tory organ. Spallanzani farther observed^ that the 
skins of fishes effected changes in the air similar to 
those produced by the gills * j and M. M. Proven- 
9al and Humboldt found, likewise, that the water in 
which the bodies of these animals had been confined^ 
afforded the same aeriform products as when they 
were permitted to breathe by their gills t. In the 
experiments of Spallanzani, the skins of serpents 
were found also to consume the oxygen of the air, 
and to produce carbonic acid like the lungs t; and 
frogs, after being deprived of their lungs, still lived 
and consumed oxygen gas, which they appeared to 
effect by the action of their cutaneous organ §. 
Hence, then, the power of the skin to convert the 
oxygen gas of the air into carbonic acid seems to be 
possessed by all the lower animals. 

663. From the results of various experiments by 
De Milly, Cruickshank, Abemethy and Jurine, we 
Tvere before led to conclude (147.), that carbonic acid 
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ttras formed by the human skin, whetesoeVer the ex- 
ternal surface of the living body came into contact 
with atmospheric air$ but, in all the experiments 
made to establish this point, sources of fallacy, which 
render the opinion somewhat doubtful, m^y be point- 
ed out. In De Milly's experiments, the water in 
which the body was bathed might afford carbonic 
acid, as Priestley (148.) and others remarked. In 
Mr Cruickshank's experiments, the hand and foot 
were confined in a vessel covered over with a mois- 
tened bladder ; but this bladder, as Dr Klapp ob- 
served, might furnish carbon to imite with the oxy- 
gen gas of the air, and thus give rise to the produc- 
tion of carbonic acid *• The vitiation of the air in 
bottles fastened to different parts of the body, as re- 
ported by M. Jurine (14709 did not take place in si- 
milar experiments made by Dr Priestley f ; and the 
carbonic acid, found by the same author, in the air 
confined under the bed-clothes, where different per- 
sons had slept, might, as M. Seguin remarked, pro- 
ceed directly from the lungs. Lastly, the experi- 
ments of Mr Abernethy, who supposed both an ab- 
sorption and transpiration of aeriform fluids to be 
carried on by the skin, are contradicted, in ail their 
results, by the later and more accurate trials of Dr 
Klapp (150.), who found that no emanation of gas 
took place from the skin, when the hand was con- 
fined for several hours in hydrogen^jgas, in mercury, 
or in lime-water. 
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664. But Dr Klapp fatther contends, not only 
that no aeHform fluid is p(efspited by the skin, but 
that this organ does not change the quality of the aSr 
that suri'ounds It. He held his hand and wrist fot 
three hours in a vessel df atmospheric air confined 
over mercury, and kept at the tempeiltiture of 60^ j 
but on analysing the air, no chatig^ was found to tiave 
taken place either in its composition or its volume* 
A second experiment was made with oxygen gas 
nearly pure; but no carbonic acid Was produced ; 
neither did any change take place in the volume of 
the gas *. A simfilar result had been previously ob- 
tained by Dr Pnesttey, who kept his arm for an hour 
in warm water, while his hand was passed up into a 
jar of air invei'ted in water ; but the 'contained air did 
not Jtppear to have suffered any alteration f. 

665. These experiments, to ascertain the action of 
the human skin 6n the atmosphere, have been lately 
repeated, with great care, by our friend Dr Gordon, 
2tnd with results similar to those which have just 
been stated. He kept his hand and fore-arm, for an 
hour, in a vessel! of atmospheric air, inverted over 
water and heated to the temperature of 8d^ Fahren- 
heit. The arm was then withdrawn, and the air al« 
lowed to cool dftWn to the temperature of the sur* 
rounding atmosphere. Its bulk was now found to 
be exactly the same as before the experiment, and a 
portion of it bein^ analysed by lime-water, and by 
phosphorus, appeared to possess no additional quan- 
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tky of carbonic acid, nor to have lost any part of its 
oxygen gas. Precisely the same results were obtain- 
ed in two other trials. 

666. To obviate any objection arising from the 
circumstance of the hand having been passed into the 
vessel through water, Dr Gordon next immersed his 
elbow to the depth of about four inches in a trough 
of water at temperature 65* ; so that the band, and 
almost the whole of the fore-arm, remained quite dry 
above the surface. Over the hand and arm, a jar, 
filled with atmospheric air, was then cautiously in- 
verted. When the mouth of the jar was brought 
into contact with the water, a portion of the air was 
removed by an exhausting syringe, and its place sup- 
plied by the water in the trough, so as to remove 
all danger of the escape of any part of the air actual- 
ly employed in the experiment. During the experi- 
mentj warm cloths were kept constantly applied to 
the outside of the jar. The pulse beat 64 times in a 
minute, and the temperature under the toiiigue was 
90*. A fine dew soon began to form on the sides of 
the vessel, and to trickle down in small streams. At 
the end of an hour, the hand was withdrawn ; its 
surface felt warm and moist. When the included air 
had returned to the temperature of Qp*', it was found 
to occupy the same bulk as at fir^t; and, on. being 
submitted to analysis, it yielded no carbonic acid, 
but aiforded the same proportions of oxygen and ni* 
trogen gases, as it possessed before the experinient. 
These results, therefore, accord with those obtained 
by Priestley and Klapp j and seem to prove not only 
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tiiat no aeriform fluid, but also that no carbonic 
matter is exhaled by the human skin. 

667. Adverse, however, as these experiments seem 
to the opinion that the oxygen gas of the air is af- 
fected by the human skin, yet, in others lately made 
by Dr Charles Mackenzie, and which we had an op- 
portunity of witnessing, carbonic acid wais clearly de- 
tected in air that had been kept for two hours in 
contact with the skin. Dr Mackenzie confined his 
hand and wrist in a glass vessel which contained 
about 50 cubic inches of atmospheric air. Around 
the mouth of the vessel a piece of oiled silk was fas- 
tened, through which the hand was introduced, and 
the silk cloth was then closely secured round the 
arm above, «o as to cut off the comm-unication with 
the external ai?^ In a few minutes the inside of the 
vessel was bedewed with moisture, which, during 
the experiment, accumulated to the quantity of near- 
ly half an ounce. The experiment was conducted 
in a warm room, and was continued for rather more 
than two hours. In order to examine the air, the 
hand, with the glass vessel stili attached to it, was 
plunged under water in a pneumatic trough, and the 
oiled silk being then removed from the arm, the hand 
was withdrawn. A portion of the air was now pass- 
ed from the glass vessel into a small tube filled with 
pure lime-water. It did not affect the lime-water in 
its transmission through it, but a white filmy crust 
foriiied on those parts of the sides of the tube fronl 
which the lime-water had been expelled, and in a 
minute or two, white threads of carbonate of lime 
likewise fell down through the ma^ of ft\3Ad% 'Wvs^ 
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experiment was repei^ted, and with nearly the saioe 
results ; but as the temperattire of the room and of 
the body were lower than in the fpjuner experiment, 
the effects were not so distinct. 

668. The foregoing experhnents seem clearly ta 
establish the existence of carbonic^^ acid in air that 
has been kept in contact with the skin ; and this acid 
gas must haye been either formed by the action of 
the skin upon the surrounding air, or emitted ready 
formed by that organ ; for no trace of carbonic acid 
could be discovered in the air before it was submit-* 
ted to experiment. Now the experiments of Dr 
Klapp (66S.) seem • decisive against the supposition 
that gaseous fluids ^emanate from the skin ; so that 
we are compelled to consider this acid gas as forme4 
by the union of the oxygen of the aft with the ani* 
mal carbon, precisely in the same manner as it is 
formed by the skins of the lower animals (662.% 
and also by the respiratory organs of man himself. 
Dr M?tckenzie ascertained, that, in these experiments, 
the carbon did not proceed from the oiled silk j for 
when the same silk was kept for 48 hours in contact 
with air, it produced in it no trace of carbonic acid. 

669* The effects produced in the air by animal 
solids and fluids, after their removal from the living 
body, confirm, in all respects, the belief that they 
contain carbon in a state fitted to combine with oxy- 
gen gas. We have seen that both the serum of the 
blood (97*) and the entire mass of that flt^id, coAvert 
the oxygen gas of the air into carbonic acid ;' and si- 
milar effects are produced by the other animal fluids* 
So, likewise, n\o\^leii^di Xs^Vdiddet^ (5E70^<!t equally 
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Upon the air ; and, in thdb: spontaneous decompod? 
tion, all animal substances were found by Priestley 
(145.) and Spallanzani* to exert a similar operatiolu 
Now, by all these animal compounds carbon must 
have been furnished, and the mode of its separation 
from 'tjie other ingredients, and of its combination 
with o^cygen, we conceive to be similar to what has 
already been stated (632.) to happen in the decom«- 
position of vegetable bodies. Certain degrees of 
moisture and of heat are necessary to the exertion of 
this reciprocal action between animal substances and 
the air ; and it is, we conceive, by the gradual ope*' 
ration of these agents that the animal carbon is re- 
leased from its existing combination, and brought 
into a condition capable of uniting with the oxygen 
gas of the air. We therefore suppose a spontaneous 
change in the animal substance to precede the che* 
mical union of its carbon with the surrounding oxy- 
gen ; and, consequently, this carbon may be consi- 
dered rather to separate from the other ingredients, 
than to be removed by the attractive force of oxy- 
gen.. 

670. In support of this opinion, it may be observ- 
ed, that, provided due degrees of moisture and heat 
be supplied, animal substances are prone to change, 
whether oxygen gas be, or be not, present ; and 
consequently, that gas is not essential to the separa- 
tion of the elements of the compound. Undoubted- 
ly, the presence of oxygen will greatly modify both 
the nature and extent of the changes which may take 
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place ; but such modification does not prcve that it 
18 essential to every change. The present state of 
chemical science does not enable us to traqe the mo«> 
difications of change which the varied application ai 
the agents, concerned in the decomposition of ani** 
mal substances, would produce ; but many examples 
might be stated wherein such substances have under- 
gone remarkable changes, in situations from which 
the atmosphere was entirely excluded. 

67 !• So, likewise, animal substances undergo spon* 
taneous changes which enable them to afford carbon, 
when they are confined in elastic fluids deprived 
of oxygen gas. Thus, M. Huber found, that bees, 
when confined in air, afforded carbon after all the 
oxygen was consumed (133.), and this substance 
then combined with the residual nitrogen, in the 
same manner as when it was afforded by vegeta^ 
bles; — facts which affbl-d direct proof that carbon 
escapes from animal substances, in consequence of 
the spontaneous changes which they undergo, and 
that the attractive force of oxygen is not necessary 
to effect its separation. 

672. In support of th^ forgoing facts, the follow- 
ing experiments may, likewise, be stated. A piece 
of fresh mutton was placed in a jar containing about 
fifteen cubic inches of atmospheric air, inverted over 
mercury. The meat was supported on a small hoop 
that was fixed about half way up the* jar, and, be- 
neath the hoop, a glass cup, containing water of po- 
tassa, was placed. The air gradually diminish)ed in 
volume, and, by the third day, the mercury had 
risen to about on,e-^xX.Vv of iKe height of tliej«r|ji<|t 
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v^hich point it remained stationary for many days. 
The apparatus was then immersed in a trough of wa* 
ter, and the alkaline solution was withdrawn under 
water. A quantity of the residual air was then r^peat^ 
edly washed in lime water, to remove all suspidoa of 
the existence of carbonic acid in it. Five different 
portions of this air were next passed into s^arate 
glass tubes, so as to occupy about half thehr volume, 
and each tube was then filled with oxymuriatic acid 
gas, obtained from oxy muriate of pota^sa and muria* 
tic acid. The tubes were then closely corked under 
water, and kept inverted ia that fluid, and exposed 
to the light of day. In 24 hours, one of the tubes 
was uncorked under water, and the water immediate- 
ly rose into it to a considerable height. A portion 
of the remaining gas was then passed into another 
tube, filled with pure lime water, but it produced ip 
it no discolouration. After two or three transmis^ 
sions, however, carbonic acid was rendered manifest 
by the whitish film which formed on the sides of 
the tube, and by the white threads of carbonate 
which, after a few minutes, fell down through the 
body of the liquid. The gases in the other tubes 
were examined in succession, spid all afforded the 
same phenomena, when transmitted through lim^ 
water. 

673. In farther confirmation of these facts we 
placed portions of meat in a jar containing equal 
parts of atmospheric air and hydrogen, and also in 
another jar of pure hydrogen gas. Both jars were 
inverted over water, and remained in their respective 
jpQsijdoQS for ten days. The residual gases were thetv 
unAed in lime water, till the^ ce^^di to ^xo^nx^^'^ 
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any effect in it. Portions of them were then mixed^ 
with equal bulks of oxymuriatic gas, in glass tubes 
which were closely stopped. At the end of 24r hours, 
the mixed gases were opened under water, when t 
greftt^dimunition of volume took place ; and the re# 
sidual^gas, after two or three transmissions through 
lime water^ gave abundant evidence of the presence 
of carbonic acid gas. When the gaseous mixture, 
consi^ng of* CSlrburetted hydrogen and oxymuriatic 
acid gas, was exposed to the direct agency of the so» 
lar rays, a dense white doud instantly appeared, 
which soon subsided. A diminution of the volume 
of gas was then immediately produced, and by thf 
method already d^cribed, the presence of carbonic 
add 19 the residual air was at once detected. This 
effect of the sun's rays in quickening the action of 
hydrogai and oi^ymuriatic gases was observed by 
M* M. Gay Lussac and Thenard ^ ; and also by Mr 
Dedton f. These results, therefore, sufficiently prove, 
that animal as well aS vegetable substances undergp 
such spontaneous changes as enable them to yield 
their carbon to the gases which may surround them ; 
and they shew likewi^ that the cai^bpn, which thus 
unites with nitrogen or hydrogen jgas, may be again 
iseparated by the superior affinity of oxygen J. 



* Menu d*Arcueil, torn. ii. p. 349. 

t Cbem. Phil. p. 300. 

. I We wdre led to this metho^l of ejcperimeat by witnessing, ia 

the late experiments of Jklr Murray on the nature of o.xymnriatic 

acid gas, the facility with ^hich the carburetted gases and oxy- 

inuriatic gas act on each other at low temperatures in day light: 

ajid,^by exposing tlie gaiseous wa^Xxw^ Xa >J^'e, 4\\^^^ta^9 ij^ itli^. 
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674* But whether the carbon, furnished by anir 
uml bodies, escape by virtue of a living action, or 
whether it be afforded under those spontaneous 
changes which all organised bodies eicperience, the 
actual combination' of this substance with oxygen gas 
16 purely chemical, and to this combination, effects, ap« 
parently similar, seem to succeed. Thus, by expo- 
sure to oxygen gas, black blood is rendered red^ as 
well after its removal from the body, as during its 
transnission through the lungs ; and so, likewise, 
recently cut flesh often appears nearly black, but^ 
by exposure to the ^r, it assumes a florid hue. What- 
ever, therefore, be the mode in which the carbon is 
supplied to act on the air, the sensible effect produ« 
ced in the animal fluids, both during life and after 
deaths is precisely the same, and must, therefore, be 
eqiially referred tq the operation of a chemical ac-» 
tion. 

675. Biat although the union between oxygen ga)s 
and carbon be, in all cases, purely chemical, and the 
immediate effects to which it gives rise^ iboth during 
the continuance of living action and under spontane- 
ous decomposition, be precisely the same ; yet the 
facts, which have now been detailed, sufficiently es- 
tablish a difference in the mode in which this carbon 
is supplied. For in the living body, the emission of 



siuj, the action was immediately accomplished. It may be pro- 
per to add, that when, io these experiments, the tubes have been 
closely stopped, the carbonic acid is not d^tecteti, till after the 
gas has been repeatedly transmitted through lime water, its 
appearance ^ fii-st being prevented by the presence of muriatic 
MJd gas. 
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earbon is al\vays preceded by the motion of the 
blood, and must, therefore, be considered, like every 
other separation of matter from that fluid, asr an ani- 
mal function, carried on and maintained by an ap- 
propriate organic structure, and according to the 
kws which regulate the exercise of living action ; 
while, in inanimate bodies, this carbon is yielded in 
the progress of those spontaneous changes which ulti- 
mately terminate in the dissolution of the animal 
compound. Between the termination of the Hving 
and fhe commencement of the dead process, a 
period, more or less long, appears to intervene j' and 
this period will vary, in different cases, according to 
the natural constitution*, of the body, and the mode 
and degree in which the external agents are employ- 
ed. If the body retain its susceptibility of action, 
these agents will restore its living functions; if this 
susceptibility be lost, they only serve to hasten its 
decomposition and decay. Thus nearly do the 
powers required to exhibit the phenomena of life 
and of dissolution approximate each other ; and thus 
do two series of actions, in their effects and conse- 
quences so entirely d^nct, proceed under the opera- 
tion of the same external agents. 
: 676. With respect to the actual place of union 
between the carbon and oxygen in living anitnals, 
we suppose it to happen at the surface of the re- 
spiratory organ, whatsoever be the form of the organ, 
or in whatever part of the body it be placed. By 
the motion of tHe animal fluids, which universally 
precedes this combination, the carbon is brought to 
this surface m a simile ?i\xed vo covabiue^ al^d the air^ 
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dt the same time, by the action of the respiratory or^ 
gan, is presented to the same surface, where its op&y- 
gen combines with the exhaled carbon, and both 
pass off together in the form of carbonic acid gas. 
This chemical union^ especially in the higher ani- 
mals, is increased ajid promoted by the great extent 
of surface of the respiratory organ ; by the apparent 
attraction or adhesion subsisting between this surface 
and the air ; by whatever accelerates the motion of 
the blood, and increases the exhalation of carbonic 
matter ; and, lastly, by the constant supplies of fresh 
air furnished by the action of the respiratory or- 
gans. 

677. In many animals, however, which belong 
to the inferior classes, and in the whole class of fish- 
es, as well as in aquatic plants, the air is not present- 
ed to the respiratory organ in an elastic state, but 
through the medium of solution in water* We have 
seen that vegetable and animal substances possess the 
power of separating air from v\^ter ; and a similar 
separation we must suppose to be made by the bodies^ 
and especially by the respiratory organs, of aquatic 
animals. By the exertion of this power, the oxygen 
gas, contained in water, is brought into contact with 
the carbon as it exhales from the animal system, and 
a chemical combination, with the usual phenomena, 
takes place. In aquatic jinimals, no cells or recep- 
tacles for containing air are provided, so that, as in 
some animals of the vermes class, the union takes 
place at the surface of the blood-vessels ; but in ter- 
restrial animals, a cellular structure for receiving the 
ai^b interposed, at the surface of which the combi- 
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nation of the oxygen with the carbon is effected. 
Lastly, we may observe, that, in animals which li?e 
in water, the respiratory organ may be considered as 
external, and as being constantly moistened by the 
mass of surrounding fluid, while in those whidi 
breathe in air, this organ may be regarded as inter- 
nal, and the portion of air that comes into contact 
with it as separated from the general mass^ by which 
tneans the organ is protected from the effects of too 
rapid evaporation, and is always preserved in a moist 
and secreting state, a provision which the condition 
of aquatic animals did not render netessary; 

678. To the mode in which we have supposed the 
carbon to be afforded by the lungs in respiration, it 
has been objected by Dr Bostock, that *• it does not 
explain how the regular supply of this substance is, 
at each successive respiration, brought to the lungs 
in a state proper to be discharged *." We certainly 
admits as this respectable writer states, that the car« 
bon, in common with every other ingredient of the 
body, is derived primarily through the organs of di- 
gestion ; but we do not suppose it to be excreted in 
its first transmission through the lungs. We regard 
carbon as a constituent part of the animal fluids, and 
consider it to be excreted in the lungs as long as the 
blood continues to move^ Hence it follows that the 
excretory function in the lungs is only the immediate 
source of the carbon that is supplied to act upon the 
air ; and that its ixrnoter source must be sought in 
that function which, by supplying materials to the 
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blood itself^ enables it to support all the secretions, 
and to recruit and maintain the health and stability 
of the system. So long, therefore, as the blood con- 
tinues to move, and the secretory functions continue 
to be performed, so long will carbon be supplied to 
act upon the air ; but when the motion of the blood 
is suspended, or has finally ceased, then carbon is no 
longer famished, nor is the air any longer changed. 
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ADDITIONS TO CHAR VI. 

OF THB PHENOMENA WHICH ARISE FROM THE CHANGES 
INDUCED ON THE AIR BY THE LIVING FUNCTIOJI-S 
OF VEGETABLES AND ANIMALS. 



679. Ji N this last chapter of our work, we endea« 
voured to prove that the extrication of the subtile 
matter of caloric constitutes the only observed phe- 
nomenon that Attends the conversion of oxygen gas 
into carbonic acid in the processes of vegetation and 
respiration. In proof of this extrication of caloi^ic, 
it was shewn (165.), that oxygen gas possesses a large 
portion of specific heat ; that, by the conversion of 
this gas into carbonic acid, its heat (166.) is necessa- 
rily set free ; and that vegetables and animals, which 
produce this particular change in the air, exhibit, in 
consequence, a higher degree of temperature. To 
the evidence adduced in support of these positions 
we have now but little to add, which we the less re- 
gret, as the facts already stated appear sufficient to 
establish the general mfeteuces deduced from themJ 
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680. In the vegetable kingdom we have remarked 
(I67O9 ^hat germinating seeds, when accumulated 
together, exhibit a sensible rise of temperature; and 
in the process of malting, Dr Thomson has seen the 
radicles of barley^ when kept without turning on the 
malt floor, shoot out half an inch in a single nighty 
and the heat rise as high as 100** *. 

681. Many fects have been related (169.) in sup* 
port of the opinion that plants possess a powef of 
DToducing heat. The eijgperiments, however, of Mr 
Hunter, to shew that trees possess a teoa^erature high* 
er than that of the surrounding air, are by no means 
satisfactory. He bored holes in trees to the depth of 
eleven inches, and found, that, in the month of 
March, when the atmosphere was ^57.5°, the thermo- 
meter in the tree stood at 55® only. In April, when 
the temperature of the air was 62^, that of the tree 
was only 56*^ ; but when, on succeeding days, the 
air fell to 47®, the tree then exceedeSi it in tempera- 
ture by eight degrees ; the day following, however, 
both the tree and the atmosphere were at 42®. -Iit= 
October, when vegetation began to decline, and the 
temperature of the air was at 51.5, that of the tree 
was 55.5; and a few days d,fterwards, when the at- 
mosphere was at 47®, the tree was from 5 ta 6® warm- 
er. In November, a similar difrerence in tempera- 
ture was observed ; but in December, botk' the tree 
and air were found, in one experiment, to b^ exact- 
ly 29®.. In other instances, the temperature of the 
tree was sometimes higher and somedmes^ lower than 
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that of the atmosphere, by a difference varying from 
tme to four degrees *• 

682. These varyuig and contradictory results op- 
pose the belief that the tree possesses any natural 
power of steadily maintaining a temperature higher 
than that of the surrounding air, and lead to the sup- 
position that its fluctuating condition, in this respect, 
proceeds entirely from accidental causes. Variations 
in atmospheric temperature must be supposed to in- 
fluence that of the tree ; b^ the rapidity with which 
changes occc^in the former would not, in an equM 
degree, affect the latter. Thus, in summer, the tem- 
perature of the tree rose slowly, when that of the at- 
mosphere was rapidly changing; and when the latter 
was as high as 57^, the beat of the tree was 
generally less. On the contrary, when the atmos- 
phere fell below 57^, the tree was a few degrees 
warmer ; but if the cold continued a few days, both 
the tree and the atmosphere came down to the same 
temperature, even in April when vegetation was ac- 
tively going on. These facts seem to prove, that the 
tree possesses no internal power of producing heat ; 
but that its temperature follows that of the surround- 
ing air, subject to such%ariation as arises from a 
difference in its conducting power, and other acciden- 
tal circumstances. ^ 

683. But whatever doubts may exist as to the na- 
tural temperature of trees, the facts already adduced 
(170.), concerning the heat exhibited by certain 
plants, during the process #f fi^cundation, are too 
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striking to be liable to any exception. In addition 
to the observations of M. Hubert on (hfe beat of the 
arum cordifolium, we may now state othets, made on 
another species of the same genus, by M; M. La* 
marck and Senebier. M. Laitiarck observed the 
flower of this plant, at the period of fecundation, to 
communicate the sensation of heat, and a similar ob- 
servation was made by M. Senebier. The mcuvimum 
of heat occurred about six hours after mid-day. When 
it exceeded that of the atmosphere by nearly 12^ 
Fahren. During the development of this heat, the 
flower in part became black ; and the rapid combina- 
tion of oxygen with the carbon of the flower may, 
says M. Senebier, be suspected as the cause of thiat 
appearance : but he did not, hf experiment, ascertain 
the fact *. The more accurate observations of M. Hu- 
bert (I7l0» have shewn that this great increase of 
heat is accomplished chiefly by -the external surface 
of the spadix of the flower ; that the presence of air 
is necessary to its production ; and that, during its 
development, the pure part of the air is consumed j 
♦whence it may be inferred that this heat is immedi- 
ately derived from the extrication of caloric by the 
consumption of oxygen gas. 

684. We have already given examples (17S. et 
seqO» which prove that worms, insects, fishes and 
reptiles, possess, in many instances, a temperature 
higher than that of the medium in which they live ; 
and we have also maintained, that, as this small excess 
af heat Is constantly passing off to the surrounding 
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medium (ITS.)) its permanence can be secured only 
by the constant exercise of some necessary animal 
function. But no function vrhich the animal exerts, 
except that of respiration^ can be conceired thus to 
gflford a constant Cjupply of heat ; and since, in the 
exercise of this fiincticm, the oxygen gas of the air is 
uniformly converted into carbonic acid, under which 
its latent caloric is necessarily set free, the liberation 
of this caloric by the perpetual decomposition of the 
air (18(X) must be regarded as the natural and ne- 
cessary means by which the animal temperature is 
sustained. 

685. In the higher classes of animals^ which pbs* 
sess a temperature greatly exceeding that of the sur- 
rounding medium, and which, under every vicksi- 
tude of heat and cold, preserve neariy an uniform 
degree of heat, we have referred the primary source 
of animal temperature to a ^milar extrication of ca- 
loric, arbing ^om the4ecomposiuonof the air.( 1 89.), 
in the exercise of the respiratory functioo^ as origi- 
nally suggested by the illustrious Dr Black, and sub- 
sequwtty developed and confirmed by the daborate^ 
researches of Dr Crawford. In support of this doc- 
trine. It has be^i maintained, chat the latent heat of 
die air is necessarily set firee in die lungs (190.) 
during the exerdse of the r^^iratory function ; that 
the blood, after this extricatioa of caloric, possesses 
an ittcraisedpoftioii( 191.) of specific heat; and that 
the quantity of caloric thus actually afibrded to that 
loid may be considered sufficient (192. 3.) to account 
&>r the hci^ and continuance of animal tempera- 
tttftw 
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686. To this doctrine of animal heat, we are a- 
ware that many objections have been made, and 
that soihe physiologists still seem disposed to ques- 
tion its Validity! But whether we consider the na- 
tural constitution of the air, the actual changes which 
it suffers in the lungs, and the extrication of caloric 
that accompanies these changes ; or whether we attend 
to the increase of speciHc heat acquired by the blood, 
and the universal reladon w|iich animal temperature 
bears to the extent and perfection of the respiratory 
organs ; or whether, lastly, we contemplate the total 
insufficiency of every other known function or opera- 
tion to afford that permanent supply of heat which 
the exigencies of the animal system require ; we are 
equally conducted to the conclusion, tHat the change 
induced on the air by respiration is the true, suffi- 
cient, and only original source of animal heat. If, 
indeed;? it be not to afford that subtile matter which 
it yields by its decomposition in the lungs, we know 
no essential purpose which the air can be considered 
to serve; for it has, we trust, been established (621,), 
by an induction as strict and ample as the nature 
of the case demands, that, in respiration, no part of 
the ponderable matter of the air enters into the blood, 
but that the conversion of its oxygenous portion in- 
to an equal bulk of carbonic acid gas constitutes the 
<mly necessary change which the air experiences 
during the exercise of this animal function. 
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Such k the result of his Farther Inquiries into the 
respiratory function of Plants and Animals which the 
Author submits to the Public. In all that he has yet 
written, he has chiefly confined him^lf to a consider- 
ation of the nature and extent of the changes which 
living animals and vegetables induce on the air ; and 
the amount of his researches may be comprised nearly 
in the simple statement, That oaygen gas is uniformly 
converted into carbonic acid during the ea^erdse of 
the respiratory function^ and that, by this chemical 
change in the air^ its latent or specific caloric is set 
free, and enters into the vegetable and animal sys- 
terns. ^ 

. Th€l facts which establish this particular change 
in the air, and the consequent entrance of its ca- 
loric into the system, may now, he conceives, be 
considered as fully and universally ascertained; 
but the effects which this subtile matter afterwards 
produces^ and the laws by which it is developed, 
have been less attentively regarded, and are, there- 
fore, less perfectly understood. It was the Author's 
intention to have entered at once into a detailed in- 
vestigation of these subjects ; but the unexpected 
length to which his present inquiries have extended, 
and a wish to settle definitively the preliminary ques- 
tions now discussed, have again arrested his pro- 
gress, and brought him to a temporary pause. 

Should it, however, be thought, that, in the pre- 
sent work, he has succeeded in establishing the 
general facts wVucVv id-ax^ \.o \)ci^ c^\ttu^ts induced on 
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the air, and a desire be expressed that he proceed ia 
his inquiries, he will yield a willing obedience to the 
command ; and^ in a subsequent volume, will endea^ 
Tour to illustrate and explain the reciprocal effects 
which are produced in the vegetable and animal 
systems* Though duly sensible of the difficulties 
which he has to &icounter, he yet hopes to be 
able to, present a view of these^ subjects, . ade- 
quate, as he thinks, to explain the phenomena, and 
free from the objections which lie against every 
explanation that has been hitherto proposed* In fur« 
therance of this design, he now, therefore, ventures 
to announce his intention of attempting to trace all 
the observed effects, which succeed to the exercise of 
the respiratory function in plants and animals, to the 
varied agency qf^that subtile or calorific matter, 
which is universally liberated, by the changes indue- 
ed on the air, during th^ coiitiniiance of this living 
process. 
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